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FOREWORD

Set up by the Radioactive Waste Management Committee (RWMC), the WPDD brings together
senior representatives of national organisations who have a broad overview of Decommissioning and
Dismantling (D&D) issues through their work as regulators, implementers, R&D experts or policy
makers. These include representatives from regulatory authorities, industrial decommissioners from
the NEA Co-operative Programme on Exchange of Scientific and Technical Information on Nuclear
Installation Decommissioning Projects (CPD), and cross-representation from the other NEA
Committees. The EC is a member of the WPDD and the IAEA is participating as an observer. This
broad participation provides good possibilities for the co-ordination efforts amongst activities in the
international programmes.
At its fifth meeting, in Paris, 8-10 November 2004, the WPDD held a topical session on the
“Funding Issues in Connection with Decommissioning of Nuclear Power Plants. This report
documents the topical session on Funding. An agenda of the Topical session can be found in
Appendix 1.
The topical session was meant to provide an exchange of information and experience on the
following issues:
• Ethical Values
• Actual Experiences of Fund Setting and Management
• Uncertainties in Funding
Mr Olof Söderberg, Member of the Board of the Swedish Nuclear Waste Fund and Expert at the
Swedish National Council for Nuclear Waste (KASAM), served as Session Chair.
Mr. Vincent Massaut, Head of the Waste & Clean Up Division of SCK•CEN served as the rapporteur
for the Topical Session and has provided the main text for the summary part of this report.
At the end of each session time was allotted for a plenary discussion. The rapporteur reviewed
the main points and the lessons learnt at the end of the whole Topical Session.
The Topical Session is documented as follows. A summary of the presentations, the country
reports, the discussions and the key issues and lessons learnt is given in the main part of this report.
The agenda of the Topical session can be found in Appendix 1 and the full papers supporting each
presentation are given in Appendix 2. The national presentations on “Actual experiences of Fund
Setting and Management” in session 2 can be found in Appendix 3 and the national presentations on
“Uncertainties in Funding” in session 3 can be found in Appendix 4.
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As a follow-on to the Topical Session a Task Group has been constituted in order to writhe an
executive summary for theses proceedings possibly followed by a separate Status report on the
Funding issues. The participants of this Task Group are:
Mr. Olof Söderberg
Mr. Harald Maxeiner
Mrs Ivana Davidova
Mrs Gerda Bal
Mr. Jean-Guy Nokhamzon

(Chairman)

(replacing Mr. Marnix Braeckeveld)
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SUMMARY OF THE PRESENTATIONS AND DISCUSSIONS

Session 1: Ethical values

The first two presentations were given by specialists in human science, and focused more on the
ethical aspects of the funding for decommissioning.
Some new aspects or approaches were presented, which allowed to highlight the egalitarian and
utilitarian approaches of intergenerational equity.
The different ethical principles led to conclude on the need of a democratic debate on the
subject, and the need of ethical guidance at international level. Some other key points, like the
preservation of competences, funding and resources, were also considered in the light of the
intergenerational community (3rd principle of justice).
The session was concluded by a presentation on the application of the ethical principles for the
funding (in fact, this application was mainly oriented towards the selection of solutions or
options for the radioactive waste disposal).
The results of this Swiss expert group study led to the following conclusions:
• Democratic debate is needed for all boundary conditions.
• Same rights must be guaranteed for all generations.
This led to some technical decisions (e.g. retrievability) mainly for waste management and
disposal.
The general discussion that followed led to the following conclusions:
• International guidance is needed on ethical values.
•

Intergenerational solidarity must be guaranteed.

• Freedom of choice of future generation must be respected.
• Funding is probably not the primary ethical problem but well the guarantee of safety of
present and future generation.
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Session 2: Actual experience in funding

The various mechanisms for funding have been analyses on their principle, current practice and
merits.
Three main aspects were analysed:
• How funds are raised?

Ê discounted or not
Æ schedule
Ì collection system

• How are the funds managed?
• How to disburse when needed?
The actual experience in different countries showed different mechanisms and return of
experience:
• In Germany, the funds are set aside internally. The system functions very well and Germany
does not see any reason to change it.
• In Spain, Enresa is responsible for managing and disbursing the funds. The estimates are
based on discounted costs, with an average discount rate of ∼2.5%. The fund is raised by a
levy on electricity production.
• In Switzerland, the decommissioning fund was established in 1984. It is based on 40 year
operational lifetime. The net interest rate was estimated to be 2% (∼4% actual average).
In case of problems (bankruptcy), there is a 2 step system that will be put in place: first step
solidarity between producers; if this fails the State is the final guarantee (second step).
• For the US, the system is also put in place with rather defined rules, but the change in the
electricity market caused some difficulties, with the presence of Energy merchants
independent of the producer.
- The US have also experience of large NPP decommissioning, with fixed cost contracts,
where both estimates were much too low; therefore the licensee had to take over the job.
- Also the problem of early or premature shut down has been raised, mainly with new
energy merchant companies.
The general discussion that followed led to the main conclusions as follows:
• Mostly the funds management control is important, not the type of management (segregated,
external or not).
• The visibility & transparency of the funding were also recognized as important aspects of the
funding management.
• A question was also raised (by IAEA) concerning the funding for facilities other than NPP.
Are there specific aspects which should be taken into account?
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Session 3:

Uncertainties

In most large industrial projects (construction, civil works, aerospace...), the return of
experience shows that overrun (in time and cost) is a rather general tendency. But it depends on
the type of project, on the degree of innovation, etc. Some means to avoid these overrun were
presented.
In the case of D&D, the main uncertainties affecting funding can be found in:
•
•
•
•

cost estimate
inflow of resources
management of resources
time factor: when will the costs occur?

Moreover, these uncertainties sources can also be interlinked. One of the conclusions from this
analysis is that the existing uncertainties in funding are good reasons not to postpone
decommissioning operations to a too distant future.

National presentations on return of experience can be summarized as follows:
• In Finland, a system is in place.
− The system covers future cost of existing waste, but no discounting is allowed.
− Fund is put in segregated fund; the waste producer has the right to borrow up to 75% of
funds; the State can borrow 25%.
− The system is well defined, and proved to work quite well, at least for waste management
facilities.
• In France there are important changes upcoming.
o The evolution of the EDF statute (towards more private system).
o Areva could go privatized (i.e. shares would be on the stock market).
o Open competition of electricity in the European market.
− France intends to modify its funding system in accordance with EU regulations or
proposals, paying attention to the market opening. Therefore, France was much in favour
of the “nuclear package” proposed by Commissioner Loyola de Palacio, and favoured the
inclusion of D&D in the package. Currently, the system is back to the EU institutions and
the Council would decide on a legal system in 2007.
• In Germany there is no site/facility specific legislation or regulation.
− The financing of D&D follows the principle of “polluter pays”.
− The method of funding is different for public and private facilities:
o for public facilities: by annual payment (budget)
o for private facilities: collection of reserve during operation (linear accumulation over
25 years). The total national reserve today amounts to ∼30-35 B€ including waste
disposal.
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− The cost estimates are made by the operators, they are based on detailed planning and a
large practical experience. They need to be assessed conservatively. The review of
funding level is made by the tax authority.
− The experience till now is good and the funds were available when needed.
− It is intended to review the funding system and find out whether it is still adequate or
whether it needs modifications because of changes in the nuclear scene, e.g. the nuclear
phase out (as decided by Parliament), the new approach to waste disposal and the
electricity market deregulation. Discussions are thus ongoing but decisions have not yet
been made.
• In Italy the plants were prematurely shut down, and not enough money was set aside during
the plants lifetime.
− A few years ago, there was a new input from the Government: “to finish the D&D of all
installations by 2020”.
− ENEL (former nuclear facilities) had provisions (from operation) and credit from the
State. This funding was considered enough for D&D following the safestore strategy
(taking the discounted cost into account).
− These funds (∼800 M€) were assigned to SOGIN, when created. It was not then
considered as sufficient for the 4 NPPs.
− Today estimates are approximately 2600 M€ for the NPP's and 630 M€ for the research
plants (in constant money 2002).
− The Government then decided to set up a levy on electricity production (about
0.0006 €/kWh).
− Every year, SOGIN has to present the schedule and cost of D&D to the Government.
• In the UK, the complex situation was first presented historically.
− In 1976, an internal unsegregated fund was set up.
− In 1990, the electricity sector was privatized, the funding disappeared.
− Afterwards, there was the creation of Nuclear Electric (public company).
− In 1996, privatization of the AGRs and PWR. Set up of an external segregated fund.
− In 1997, the old Magnox stations were transferred to BNFL.
− The Nuclear Decommissioning Authority (NDA) was founded in the UK. It will be
operational by 1 April 2005. This is the fifth reorganization affecting the nuclear
decommissioning scene. In all the reorganizations funds were lost for the envisaged
purpose. In this case the BNFL segregated internal funds, for example, were transferred
into the treasury. Only in the case of British Energy (BE) the segregated funds remained
with the company.
• For the US:
− Currently, there are about 20 NPPs in decommissioning (about 50% with the immediate
strategy).
− The licensee is responsible for funding and carrying out the clean up.
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− 5 approved funding systems are existing, including the pre-payment and the insurance;
the most popular being the system with external account.
− The cost estimates are reviewed in depth on 3 occasions:
o Preliminary: 5 years before shutdown
o Post shutdown: 2 years after shutdown (how to cover the D&D costs)
o Final: 2 years after license termination (how to remediate the site). (The question of
whether this is enough was raised).
− Some positive and negative experience:
o Positive: up to now the system showed to be adequate in obtaining and managing the
money
o Negative: mainly in non nuclear utility sector.

Plenary discussions

Summary
The plenary discussions allowed to tackle the different aspects presented during the day. Some
key points can be highlighted:
• The main question seems to be: “What are the elements making the funding system safer?”
This can be looked at through different aspects:
− cost estimate;
− control of the funding and money collection;
− control of investment of the money;
− how to cope with uncertainties (including early shutdown and bankruptcy).
•

The stability of the funding system over the time is a key factor for securing the funding (a
good counter-example is the UK story).
• The decommissioning exercise should start before the plant is in operation; i.e. when a plant
is constructed!
• An important aspect is also the information exchange with people having participated to
actual D&D projects.
Discussions by session
At the plenary discussions the following items were also recorded:
Session 1 – Ethical values
A discussion was held on the possibility of having an international body managing
decommissioning funds. It was argued that the risk for misuse of the funds might be less
with such international management. However, responsibility questions and the availability
of the funds at the right time might be difficult to handle if managed by an international
body. National management bodies were mostly favoured and it was stressed that it is
important that managing and controlling of the funds are done by different and independent
national bodies.
13
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The autonomy and freedom of each national fund management organisation to make its
own decisions, including mistakes, was emphasized. The willingness to learn from others
is sometimes limited. There must be respect for the freedom of choice both between the
various funding options. Different generations may also decide differently. Knowledge
management and ways to transfer information between generations will be important from
an ethical point of view.
Other questions touched upon were how far the present generation would need to go today
to protect future generations from a virtual risk and how far do these ethical considerations
need to be covered by the funds? No clear answers can be given because of the speculative
nature of such questions. Uncertainty (in cost calculation, the success of an investment etc.)
should be considered when raising the funds.
The importance of having funds available at the right moment was stressed.
The use of ethical values in the discussion with the public and the stakeholders was
discussed. When using positive expressions like “Common good”, “equity”, “fairness” etc.
it must be perfectly clear of what is meant and it is necessary to explain the terms in a
simple and transparent way. Some of the wording is very theoretical, but if used in a
reasonable way it can be very useful in the discussions.
Session 2 - Actual Experiences of Fund Setting and Management
A discussion was held on the pros and cons of segregated funds. Many arguments were
raised in favour of segregated funds but it became also very clear that considerable risks
are involved in segregated funds.
It was concluded that a proper management of funds is very important. Examples of
financial losses in funds were given by Switzerland (losses in some years) and the UK (loss
of funds for the purpose due to reorganisation, privatisation etc.). It was stressed that the
funds, and how they are managed, should always be visible and transparent.
It was clear that there are different possibilities for raising funds. Once a system is put in
place it is hard to change it. There are no such things as good or bad funding systems.
Every system has advantages and disadvantages. It is important to analyse the various
funding system to identify weak points and provide solutions how to minimise risks
associated with such weaknesses instead of continuing with the theoretical discussion on
“the best” system. WPDD may take a lead in the respective analyses.
Session 3 – Uncertainties in funding
It is important to identify the features that make the funding systems safe. Key issues are
the management and control of funds. The stability of the funding systems is essential and
the way how to cope with uncertainties.
Decommissioning should be taken into account already in the design phase of a facility to
minimise the uncertainties. The planning of the decommissioning of a specific facility can
be allowed to take a lot of time and thereby you can have the best technical solutions
available.
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Although decommissioning is a mature industry a lot of site specific surprises may occur
which make cost estimates difficult. A discussion on how to avoid cost overruns is
probably an area where more work could be done.
Information exchange between decommissioning projects is very valuable and there is a lot
of information that can be used in planning of future decommissioning projects.
International co-operation on these issues is encouraged.
Creating of a Task Group on Funding
Regarding the importance of the topic and the interest shown to get further analysis on the
subject, it was decided to set up a Task Group on the subject with the following members
(provisory list):
O. Södeberg (Chairman)
H. Maxeiner
I. Davidova
M. Braeckeveld
J.G. Nokhamzon
The outcome of the Task Group will then be presented to the WPDD in a future meeting.
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Appendix 1

AGENDA FOR THE TOPICAL SESSION ON FUNDING ISSUES IN CONNECTION WITH
DECOMMISSIONING OF NUCLEAR POWER PLANTS

NOVEMBER 9, 2004
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TOPICAL SESSION ON FUNDING ISSUES IN CONNECTION WITH
DECOMMISSIONING OF NUCLEAR POWER PLANTS

Held during the 5th meeting of the RWMC Working Party on
Decommissioning and Dismantling (WPDD)
(Item numbers according to the WPDD Meeting in which the Topical Session was a part)
Chair: O. Söderberg
9TH NOVEMBER

10.

TOPICAL SESSION ON FUNDING ISSUES IN CONNECTION
WITH DECOMMISSIONING OF NUCLEAR POWER PLANTS
Chair: O. Söderberg

9:00

10.a

9:10

Introduction, Aim and Scope of the Topical Session
SESSION 1 – ETHICAL VALUES
Chair: O. Söderberg

9:10

10.b

9:30

10.c

9:50

10.d

Practical Implementation of Ethical Principles: the
Swiss Example
H. Maxeiner, (Switzerland)
A brief presentation of how ethical principles have
influenced Swiss policy on waste disposal technology and
managing of decommissioning funds.

10:10

10.e

Plenary Discussion

10:30

10.f

Short Summary of Session 1 by the Chairman

10:40

Why an Open Common-knowledge Process about
Decommissioning Funds? How Transparency
Supports Democracy
M. Bovy, SCK•CEN, (Belgium)
A presentation on inter-generational and intra-generational
equity issues with bearing on decommissioning of NPPs.
Ethical Guidance
C.R. Bråkenhielm, KASAM, (Sweden)
A presentation on general principles to be applied in
funding long-term projects (such as decommissioning of
NPPs) and the reasonable hierarchy between such
principles.

Break
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11:00

SESSION 2 – ACTUAL EXPERIENCES OF FUND
SETTING AND MANAGEMENT
Chair: M. Braeckeveldt

11:00

10.g

Overview and Comparison of International Practices
on Funding Mechanisms
F. Tchapga, University Paris 11, (France)
A presentation of a paper based on earlier meetings and
papers like TS on Liabilities at the RWMC meeting in
March 2003 the Tarragona seminar of September 2003,
NDC studies, Rome workshop September 2004.

11:30

10.h

Good and Bad Experiences from the Management of
Existing Funding Systems – and Ideas for
Improvements
Brief presentations (10 minutes) by national experts
(operators or government representatives) from
Germany (Mr. Schröder and Mr. Müller-Dehn),
Spain (Mr. J. L. Santiago),
Slovak Republic (paper – no presentation),
Switzerland (Mr. H. Maxeiner),
USA (by phone – Mr. T. Frederichs).

12:45

Lunch

14:00

10.i

Plenary Discussions

14:25

10.j

Short Summary of Session 2 by the Chairman

14:30

SESSION 3 – UNCERTAINTIES IN FUNDING
Chair: I. Tripputi

14:30

10.k

Financial Risks in Major Investment Projects
E. Segelod, Mälardalen University, (Sweden)

15:00

10.l

Cost Escalation Issues with Regard to
Decommissioning of NPPs
G. Dover, (UK)
A presentation on ways of identifying major cost drivers.

15:20

10.m

Uncertainties Affecting Fund Collection, Management
and Final Utilisation
O. Söderberg, Board of the Swedish Nuclear Waste Fund,
(Sweden)
A general overview of major uncertainties from the point
of view of a fund collector.

15:40

Break
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16:00

10.n

What is Done to Ensure that Funds will be Available
when Needed? Positive and Negative Experiences in
Existing Systems
Brief presentations (10 minutes) by national experts
(operators or government representatives) from
Finland (Mr. J. Palmu),
France (EDF representative),
Germany (Mr. E. Warnecke),
Italy (Mr. I. Tripputi),
UK (Mr. G. McKerron),
USA (by phone-Mr. T. Frederichs).

17:00

10.o

Plenary Discussions

17:25

10.p

Short Summary of Session 3 by the Chairman

17:30

SESSION 4 – SUMMARY AND CONCLUSIONS
Chair: O. Söderberg

17:30

10.q

Summary of Key Findings during the Topical Session
V. Massaut, (UK)

17:50

10.r

Closing Remarks
O. Söderberg
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Appendix 2

PAPERS

TOPICAL SESSION ON FUNDING ISSUES WITH DECOMMISSIONING
OF NUCLEAR POWER PLANTS

NOVEMBER 9, 2004

Session 1 – ETHICAL VALUES
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WHY AN OPEN COMMON-KNOWLEDGE PROCESS ABOUT DECOMMISSIONING
FUNDS? HOW TRANSPARENCY SUPPORTS DEMOCRACY

Michel BOVY
SCK•CEN, Belgium
ABSTRACT
Future generations will receive funds and have to manage the financial burdens linked to the
technical heritage of the past nuclear activities. This shows the challenges of ethical requirements in
this particular field, its cultural background as well as what it stands for. Another question is how the
operators or the governmental bodies will interpret their decisions and justify these based on a
hierarchy of principles where utilitarianism and egalitarianism have a central meaning. We aim at
showing how a comparison of common criteria for decommissioning funds could help democracy and
how a common knowledge could be developed by an open expertise process. The function of the
control of the systems [1], that favours a democratic regulatory process in each country, calls for
sufficient answers with regard to decommissioning funds, compared to other essential social needs. He
has to adequately respond to the population with a higher degree of transparency in the priority of
choices between different ways of using and controlling these funds. This asks for more social
accountability and makes experts more responsible to Society for which they should work.
Keywords:

1.

Expertise, Decision-making Process, Nuclear Waste, Decommissioning, Funding,
Ethics, Transparency.

INTRODUCTION

Ethics will never be excluded in making choices when one has to foresee sufficient provisions,
or in giving authorisations and starting using these funds. The way to contribute to the funds and its
origin or even the management rules of capital and interests have a direct impact on economic models
that privilege certain ethical values. An ethical approach is incorporated in the balance between the
short term and the long term, especially in investments protected by the State such as pensions or
education needs in each country. Environment and human health thus gain a transversal dimension.
Decommissioning operators and population need to start a debate when it comes to decide on an
acceptable radioactivity level compared to the natural background. Ethics in decommissioning fund
management finds direct answers, e. g. for giving trust to the operators or in the follow-up of irradiated
materials when nuclear wastes are cleared and may circulate in the commercial waste stream of
conventional industrial waste recyclers.
Through tradeoffs among several types of political priorities social values are expressed in a
practical approach, but this is rarely considered per se as an autonomous social debate. We hold that
ethics in social debates rarely is expressed prior to usual application. The ethical questioning is often
used as a corollary of policy established by a network of tangled relationships between political
25
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decision makers, experts and financiers. But it might also become a common framework of
comprehension between several countries in order to promote a shared rationality. Numerous areas of
applied ethics appeal for clear answers: the importance of an international manager, the writing of
common rules for decommissioning cost assessments or even more, the independence of the fund
manager protecting most of the public funds.
Long term governance can no longer sustain in situations when financial stakes enter into
competition with market rules for operators and private investors. The management of
decommissioning funds need guidelines that might be approved by all stakeholders and – why not –
discussed openly in order to share a common approach that will undoubtedly make different opinions
more acceptable. It is needed to allow a large scope for an ethical debate to know what is acceptable or
not in a period of time that will largely outrun the energy production period. All advantages of courses
cannot be situated only in the period of time of energy production. Advantages from the nuclear sites
will stay later than the decommissioning period. The costs too.
This ethical reflection period can exceed the time for private institutions (even public ones)
while they still have the capacity to meet financial needs which are indispensable for future
generations. Ethical responsibility can be defined in terms of basic guidelines and coherent steps for
provisioning and managing these funds. The present and past generations only take into account the
future generations when they adopt the responsibility to write respective ethical guidelines.
Certain confusion may exist between the Western Philosophy of Equity and the economic
market. The definition of equity in the market already asks for a particular philosophical approach.
Equity refers to some concepts and models which are defined by finances and not by ethics. The
utilisation of the concept of equity in the common good domain seems quite ambiguous without a
preliminary explanation of the cultural context where it is defined. It needs a correct understanding of
what we aim at defying when speaking about the equity concept in funding management. I appreciate
the approach that defines the common good as something that deals with goods “outside the market”
and at the same time tries to define the political good as an institution [2].
This shows the – explicit or rather implicit – normative background of the undertaking, coloured
by the market and its concepts, especially as free-market economy wants to define what is right and
fair by using the terminology of the “common good” (here shortly defined as a goal that any authority
should tend to reach when working for the well-being and the welfare of the whole they represent and
when dealing with goods whose accessibility and consumption are not entirely under market
regulations). We see this, on the one hand, as a wrong shift between a relationship of supply and
demand on the market and, on the other hand, a proposed philosophical approach analysing the
differences between what is “good in common” (translation into the market approach: “acceptable”,
“equity”) and what is “fair” (“right” in a European normative approach dealing with an ontological
meaning of justice). Equity refers to stock exchange, to returns on investments and investment
literature while equity in ethical terms deals with a sense of justice and fairness.
Below we clarify the differences between public interest and common good, avoiding the
confusion between the legitimacy of the good from the market and the common good that must
underlie guidelines for long-term governance. Financial transactions and equity, in this framework
focused on immediate trade-off, create conditions in which people are easily forgotten and do not have
a protected right for an access to the market because of their low incomes. In other words, the market
often quoted as the barometer with its dominating rules of exchange, turns more and more to the one
and decisive but overly implicit philosophical reference.
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This is what also creates enormous confusion related to ethics when dealing with funding
management. We thus wish to draw our reader’s attention to the necessity of taking some precautions
on the limits of a normative approach where the mathematical bearing only describes economic
transactions without “social safeguards”. Some arrangements in the management of specialised
knowledge and capitalisation of funds in decommissioning project will help us to avoid believing in a
false ideal about the well-grounded paradigm of these transactions with regard to distributive justice.
Sometimes financial exchanges make implicit references that deal with social justice but not
necessarily. Therefore we have to be cautious about the legitimacy of a framework of
decommissioning funding and to make a clear distinction between the acceptance of the market and
the fairness of the conditions underlying the market.
This immediately reveals, for the topic of the funding, the importance of having to know: what
is an acceptable health level, acceptable environment quality and efforts for a country, even for a
continent, to make provisions for future and present generations? How is the link built up with the
capacity of each generation and country to contribute to the funding with its savings of today? Today
we find, in politics and at global level, sharp protests against the model of the free market which does
not sufficiently respect the population’s needs. The growing gap between the common good defined
by the market and the population’s needs is a clear example of the loss of reflection on principles of
justice. Where is the balanced answer given by any “welfare state” towards the variety of needed
services that it has to offer to its population, facing the deficiencies of the free-market model?
The respect for individual rights and the capacity of any person to make his/her own choice
regarding the definition of his/her own good must be the main base of any democratic system. It is
hard to handle the common good for future generations [3] while the free market only “worries” about
today’s individual choices and is designed to aggregate maximizing their happiness. We should expect
more of a decision-making process dealing with equity on the long term, making available for all the
common good of future generations and properly balancing the sacrifices among them. This of course
raises the question of having “fair” institutions to elect representatives for deciding what the common
good is, expressed by the public, that deserves a financial answer from the community itself.
More representatives of the population's common good (elected people, media, NGO's...) [4]
raise their voices reacting to the type of market where the economic meaning of the common good
blends out the social inequalities to legitimate the forces involved in the market. Behind all this, one
has to be preoccupied by elected leaders who have to make decisions in the short term [5] having an
impact in the long term. The question is how to use funds balancing health, economic competition and
technical specificities of nuclear waste for future generations. Respecting the population’s needs
requires the knowledge to put justice [6] and fairness into practice, but just up to where this respect
ends and how it must be taken into consideration. This is particularly important for those to whom
these financial expenses are being paid by the community.
An adequate decommissioning scenario (deadline, occupational safety) and proper financing are
at the heart of this question. What is fair in view of the very open border between industrial production
interests and social and public goods in the very long term? This leads us to examine the concepts of
common good and public interest beyond the current economic transactions between operators.
Especially those who carry out dismantling and the financial organisations charged to manage the
funds.
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2.

A GLOBAL APPROACH

2.1

How Do Future Generations Care for the Long Term?

Some authors specialised in ethics on future generations have long underlined the importance of
having a global approach for policies dealing with public interest, the environment and the control of
public authorities. Among other principles B. Weiss [7] puts forward an ethical attitude that takes into
account future generations in order to allow equal access to their own resources and make sure that
these are available for next generations.
The balance between the burdens of the past and the present extends to requiring managers
capable of enlarging the scope of the stakeholders who could have only seen their short-term interests
defined by financial profits. Constituting these funds for decommissioning implies the ability of a
political decider to shift from industrial interest to public interests [8].
The long-term guarantee of these funds encompasses the certainty to have institutions whose
legitimacy is broader than those of the decommissioning operator that is only defined on a short-term
basis. A legal access to resources implies that past generations should have planned financial savings
for present generations. In order to also preserve the ability of future generations to resolve their
problems of decommissioning, the present generation must make sure that a control and distribution
procedure is present for long-term funding. This automatically implies the weight of public entities in
settling long-term funding.
Ethics in decommissioning funding raises the question of an existing borderline between private
property ethics with the entrepreneurship freedom and ethics in public decision making. But when
common good is put forward it is currently only debated on the short-term basis.

2.2

The Market as a Part of the Common Good

Each authority aiming at that common good, that represents the interests of the whole society,
would be a basic principle for sustaining decommissioning funds in the long term, instead of leaving
the drive of managing our health and public taxes to the industry. Another question is how to
recognize common good and define it when other partners feel free to justify their own assessment
procedure and their own rights on a long term basis.
The common good must represent the stockholders’ agreements in a sector-based policy but it
also has to go beyond their momentary needs. Whether it deals with the market or public authorities
the common good allows the aggregation of preferences and the opportunity to present results “as a
whole”. The ethical basis, however, is drastically different because talking in a market context,
common good, in a certain policy, can be reduced to the cost of kilowatt/hour or to questioning the
protection of acceptable health levels in the case of State intervention in the management of interests
which are external to decommissioning procedures.
It would, however, be overemphasized to equalize the market with the regulation mechanism of
the common good. Could we then easily assimilate sustainable economic development with “the”
common good? Moreover, even if we wanted to stay in an ethical economical development approach,
maintaining environmental protection could then be used as a “resource” in a long-term economic
development. Seen from this point of view, financing decommissioning is not just an external cost to
be internalized but becomes a corollary of sustainable development. The Nuclear Energy Agency
(NEA) recognizes [9] the necessity to evaluate the external costs, in a variety of examples of countries
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and the long-term effect on environment and health: “Externalities of energy are of course not limited
to environmental and health related impacts, but may result also from macro-economic, policy or
strategic factors not reflected in market prices, such as security of supply, cost stability and broad
economic impacts on employment and balance of trade.”
Accepting, however, such a basis to elaborate financial ethics shared on an international level
assumes that efforts have already been made for an ethics of fairness. This supposes some values have
already been shared by the majority of the stakeholders who aim at building up a common framework
of debates.
Indeed, certain tension may exist between the Western Philosophy of Equity and the economic
market. The definition of equity in common property asks for a particular philosophical approach. As
maintained, the utilisation of the concept of equity in the concept of the common good seems to be
quite risky for a correct comprehension of the concept of equity in funding management.

2.3

The Public Interest as a Part of the Common Good

In the hands of public authorities which want to legitimate their position, the common good is
undoubtedly used as a tool of long-term governance. In particular in decommissioning, the reference
to common good could both mean imposing the obligation of operators to allow some levy on their
benefits and to involve the citizens as tax payers to contribute to this funding.
Thus there is no use speaking about a common good without a more formal and specified
framework for its application. We want to stress that the traditional dualistic approach between the
public interest and the common good could be of less importance with regard to decommissioning
funds: The burdens and the benefits will be parts of our common heritage in both cases. The only
difference consists of giving more importance to their weight, either in favour of the governmental
bodies or the regulation by the market. To focus on the dualistic approach between weighing
customers vs. tax payers puts in the shadow the importance of how the energy producer might stay a
responsible partner for the burdens of the past. One accepts that transparency in decision making leads
to the acceptance of a debate on the involvement of different groups to pay the bill for
decommissioning the nuclear power plants. But using the need for transparency for that purpose seems
unethical to us. These amounts must at first ensure securing financial feasibility in comparison with
safety goals expressed in the present or in the past. Today modifications are made to environmental
standards and to the acceptance of industrial risks. New technologies are not considered as part of a
continuum of progress where public welfare is growing up automatically. Indeed, other social
concerns come forth after several accidents and catastrophes to demand advancement of technology on
a large scale.
The definition of the common good then awakens the delicate question of knowing that one can
easily turn the definition of individual good to collective good. The market brings an answer to this
question by equating its own regulation system with the aggregation of individual preferences coming
from social requests. This would suggest that we transform common good to measurable units. But it
neglects that goods cannot be so easily measured or taken in charge by the market regulation. Not all
goods may be defined and available by the market. Rival consumption in electricity and energy
provision is not sufficient to determine either security or what the common good is. Regulation
mechanisms in the long term and political values have to interfere with them. Therefore, the
management of decommissioning must take care of less technical questions like the opinion of nuclear
site neighbours or the importance of dialogue and further stakeholder involvement. The NEA has also
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developed a more integrated approach in ethics, expressed by representatives of the population and
representatives from the authorities who introduce a larger ethical vision of waste management [10].
The communication process should not be seen only as a one-way vision of information towards
the general public but rather like an organised framework making it possible to take into account the
opinion of the stakeholders in the production of results and in the enforcement of the related standards.
Such a process finally enables to take decisions which are based on a stronger social legitimacy. This
openness of the process to more social interaction leaves more open questions about the relevancy of
social arguments that could cut enormous investments injected into the nuclear engineering,
technology, options for sitting and decommissioning scenarios. The integration of the acceptable
externalities of nuclear energy costs is at stake: Even the Nuclear Energy Agency has some difficulties
to make them visible for the current generations. Sometimes it seems the existence of the problem still
depends on the capacity of some stakeholders to face the need to make sufficient provisions and at the
same time to show the topicality of their problems.
In 2004 the NEA [10] said: “Public involvement, at the earliest possible stage, is perhaps the
most vital requirement, although it will not necessarily be enough. The public deserves and should
have our respect. We cannot expect their trust if we do not trust them. Without them we are lost. We
must include the economic dimension in our communication programs, including setting out the
funding methods that will ensure that costs will be met when they incurred, which may well be far in
the future.”
This discussion is to know what is necessary in order to achieve decommissioning from which
the community will profit. Just as when pensions enter into competition with the next generation’s
health level, it should be known where the public interest is. This will help us to set the priorities to
ethically respond to some tensions between the protection of individual rights and the rest of the
community. It also shows the importance of writing down international guidelines for such complex
problems where rationalising should be decided in a process of mutual comprehension and
consultation for deciding a logical outcome for mutual welfare. An unethical attitude would consist of
deciding what is fair and ethical only in the biased framework of the decommissioner's interests.
The concept of “public interest” adopts a different meaning when we realise that it limits the
extent of the common good. With “public interest” we recognize that there is a clear need to make the
scientific data more transparent and public. We may still speak about shared interest, which means
also an interest in common, but with another meaning that changes the management of knowledge,
that requires more public access to different kinds of information and, finally, that prevents the
expertise process from being led by the current dominant positions of the strongest stakeholders.
Ethics must help us to improve the conditions of a better knowledge management and lead us to
make the distinction between what is considered as the utility of the State and the interest of Society as
a whole. Democracy cannot be used as a given reference that will get the acceptance by everybody: It
must show it and we think the Information Technology supports can help to improve the public access
to scientific information. This technological deal of information is in a way a “non-political” approach
to state the fundament of a policy, instead of fighting from the very beginning with ethics, out of the
blue.
Applied to decommissioning funds, this will help us shed light on the distinction of State
intervention as a manager, a controller and the source of funding. The responsibility of taking the
long-term safety operations into consideration would also clarify ethical answers by making the
difference between private operators and administrative bodies who are not directly legitimised by
votes or political mandates.
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So nuclear energy production and industrial interests which are tied to common interests allow
an economic development in benefiting countries. But the protection of private interests and the
management of funds may generate decisions that are totally different as compared to their having
been for public interest. The importance of the funds concerned, the example of financial scandals
within private multinationals in the energy field, the difficulty following security measures without the
need for deep scientific knowledge and the difficulty of protecting human health on a very long term
basis, all this has to face the economical pressure. This implies the importance of keeping the public
interest above the short-term benefits, for controlling the decisions of different spokespersons.
Democratic justification must then interfere with the respect of individual values and not be
blindfolded like the market.

2.4

Measurement Units of the Common Good

The financial availability of funding, the relevancy of exporting certain technologies, the choice
of technology taken in the past, or the choice of a depository on the surface or geological ... all come
into the equation to assess the “right” amount of money for decommissioning provisions. Debating
and finding the balance between the various interests that have to be taken into account raises the
question of what are the key elements, and what legitimates the process of designating what is
regarded as “the criteria” themselves. Then, the criteria of decision themselves become an element of
discussion and tend to be mastered by the nuclear field itself [11], which is an easier framework of
debates among involved stakeholders, than trying to enlarge the rationale of the amount for
decommissioning to the whole society. In a way, democracy wouldn't have to ask to the nuclear field
to take the responsibility of debating of their interests on a large scale.
The solution would never emerge by cutting nuclear power from the rest of the world and even
less by trying to find an ethical or logical explanation that would be solely related to nuclear waste or
decommissioning. If decommissioning and the provisions at due time are needed, we will have to seek
for a better clarification of the social priorities which are hidden in technical solutions. In short, to
consider sector-based policy, as a management guideline against social conflicts, can only lead to
adopt a type of ethics and technocracy's vision to legitimate the imposition of a comfortable technical
issue towards the rest of Society.
One of the ways to measure the common good would be to take into consideration solutions
proposed by experts and technicians leaving aside the possibility of debating other views. Their
solution would be a deal for other partners who would be forced to adopt their beliefs making the
needed sacrifices in regards to the social good. This would imply ignoring immediate possible
investments with regards to other priorities. Nevertheless, a technocratic policy would not be relevant
for a starting point without implication on organisational principles for decommissioning funds.
No scientific standard can hold any definition of an acceptable frontier enabling the passage of
decommissioning operations of a nuclear plant to further consideration on the needs of the population
in the long term. Conversely, social and political debates in governmental bodies are not framed to
reverse priorities defined by experts once they have adopted their decision on methods of the
decommissioning.
In order to identify a criterion that helps us define common good does not necessarily guide us
through the process by which such a criterion has been defined. Nor does it show us who the
stakeholders are who have to take the initiative to build up agreements on a financial basis that would
be accepted as sufficient for the funding.
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The definition of a legitimate criterion to frame the common good, which helps us to set a levy
for provisioning these funds, is not the privilege of a given stakeholder group involved into the
decommissioning process. Nor is it only the one of an elected audience that might already have a
democratic legitimacy. In summary, a sector-based policy of nuclear waste or, even more specifically,
in decommissioning, cannot come from the nuclear field itself but from the rest of Society. It only may
come from the process that allows us to speak about common good. This is a shared idea where all
these varied interests are discussed within an open group debate. We now have a better idea of the
need to define what we could embrace as ethical concerns before starting to look for its application
within a political concept, such as common good or public interest.

3.

FAIRNESS AS A SPOKESMAN AMONG CURRENT AND FUTURE GENERATIONS

3.1

Equity Refers to Fairness and Distributive Justice

What are the qualitative criteria of fairness that allow us to justify the choice of resource
allocation either compared to a given market structure or in the distribution of benefits and burdens
related to dismantling?
Following M. Maiese, [12] the distributive justice “is concerned with the fair allocation of
resources among diverse members of a community (...). Because societies have a limited amount of
wealth and resources, a question arises as to how those benefits ought to be distributed. The common
answer is that public assets should be distributed in a reasonable manner so that each individual
receives a ‘fair share’.”
Because the theoretical approach of distributive justice thus means less immediate application,
the question of the manner in which institutions will be charged to set up this justice is set aside. This
brings us back to the question of organising the debate on how to define ethics in a practical way.

3.2

The Need of Institutions for Questions on Ethics

The setting up of the decommissioning funds requests an organisation that clearly states its
ability to represent the interests of the current generations. Such an organisation must avoid
monopolising the whole procedure that answers completely the sum of interests of its individual
members [13]. Moreover a sound management of the funding will undoubtedly take into account the
burdens of the past, but, above all, will prove its ability to establish good conditions for dialogue, like
transparency in the decision-making process and its ability to offer productive definitions of wellbeing for the next generations. Setting rules in fund management is only done in an efficient way if
based on a large social agreement keeping in mind the embedded values.
The decision-making process must represent varied and diverse interests through generations.
This implies that sufficient representative mechanisms assure the balance between varied interests in
Society and that their outcomes are regularly re-examined. But this process of “social assessment”
must avoid giving excessive importance to the independence of the procedure itself. This precaution is
valuable both towards the choice of too stable values of justice and investments approved in reports of
experts.
To approve some ethics on the long term might create an “island” within Society without giving
the right to the future generations to take part into the debates and to use their knowledge. A stable
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bridge must remain within the population, seen as a sum of people who deserve individual protection,
and the institution whose role is to defend their rights. In the same way, scientific knowledge could be
misused to the greatest advantage of financial institutions by the acknowledgment of a very stable
organisation that would be in charge of the fund management. Therefore, there is a clear need for
control and debates regarding its use. This will enable the social justification of the cost structure that
would sustain the position taken by both scientists and other stakeholders.
This also raises the question of whether it would be better to found the provisions on democratic
institutions or to erect them by administrative bodies [14]. The idea of calling upon democratic bodies
to solve the problems will mainly help to avoid the dominance of public monopolies or private trust.
But enlarging the scope of debate on decommissioning funds will also raise the risk of divergent
interpretations of the common good. The split of scenarios with numerous options for the use of
decommissioning funds would also weaken the guarantees for their availability at needed times.
In other words, whether it be ethics of public authorities or only based on a peer-review by
scientists, ethics would have to fulfil the requirement of having an ad hoc organisation that could
legitimise the “right” form of fund management. Only ethics that depends on a more transparent
democratic decision-making process could reach this goal.

3.3

Moving Towards an Ethical Transfer of Burdens Between Generations

Today’s generation must resolve a key problem, whether to keep or not the nuclear option. It is
confronted with two problems. On the one hand, the costs of decommissioning cannot wait
indefinitely for a debate on the heritage of nuclear waste, with regard to the public opinion. On the
other hand, one must also integrate decisions in our current political agenda to provide sufficient
funding for decommissioning. The conclusion is simple: The current generation has to pass a part of
the burdens to the future generations.
We could see this situation as unfair [15] for the following generations because they will not
profit from the nuclear energy as we do, but will have to pay. At the same time, in terms of distributive
justice, we could consider as fair, the need to balance the burdens on the following generations instead
of asking the current generations to solve the problems for the previous ones. We have to accept that
the future generations themselves also have to take into account our current production of nuclear
waste to avoid excessive burdens today. But is it ethical to accept to preserve our financial resources
and leave to the following generation the need to take charge of the financial weight?

4.

A FAIR TRANSFER BETWEEN GENERATIONS

4.1

Justice for Which Generation?

An equal approach between the generations implies that the growth rate [16] of this generation
and future generations may not suffer any longer from the former generations’ attitude which
consisted of externalising production costs on successive generations. We then come to a paradox. A
more equal distribution of burdens between the current and the next generations leads to a diminution
of financial resources for the current generation. We tend to put the burdens on the future generations
by making a comparison with the current generation to the one contemporary with the first nuclear
power station. The consequence is that when we talk about protecting the current generation – which
is also the most financially exposed – we decrease available resources for future generations, just by
starting to think about the safety for the next generations. In other words, the future generations will
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have a low savings rate because of our including them in the scope of our ethical guidelines to support
the costs of the past.
Another paradox would consist in believing that an ethical approach amongst generations, based
on the attitude of past generations, would lead the present generation to take fewer measures to assure
the financial feasibility of decommissioning. The question is to know what would be the “ideal”
financial burden to pass over and also what would be the ideal benefits and whether it would be
necessary to link the benefits to the nuclear energy production span. The ones who get the benefits
would then also be the ones who have to pay for it.
We have to be more cautious when identifying the generations that have taken all benefits from
the sale of nuclear energy and from all kinds of nuclear activities. We have to keep in mind the clear
link between these services and the costs of decommissioning activities [17]. Maybe, this would be
clever but useless to find the current responsible of financial safety by looking at the beneficiaries: The
previous generations are gone. The ones who might be seen as financially capable are the present and
the future generations. This is quite easy to find the money in the generations that have to pay, without
regard to the benefits of energy use. But only the past and present generations have benefited from
previous usage of past nuclear energy production. Above all, the following generations will have to
face the risk of exposure to radiation when decommissioning operations, in case of wrong dismantling
or weak counter-measures.
The stage of development of each generation may then be used as a reference to know the
standard necessary to help the future generation. The long run in the management of nuclear waste, but
short term for decommissioning, imposes the necessity to revisit the modes of managing resources of
several generations. Putting this model at stake leaves room for a distributive justice that is decided for
future generations by the present generations. Each generation concerned can find itself in a crisis
situation, such as deciding that it gives themselves the right to sacrifice their resources generated by
past generations (to pay the pension with decommissioning funds) for the benefit of future, who will
then have to make the effort of financing and to continue allocating resources for decommissioning
[18] But on which base is it ethically acceptable to impose such an effort on the following generations:
Utility of the present generations or egalitarian approach between the past, present and future
generations ?
Utilitarianism: A Varied Set of Definitions for Utility
Some philosophers, usually mentioned as the founders of the utilitarian theory like J. Bentham
and J. Mill [19] stressed that in a utilitarian approach: “All action should be directed towards
achieving ultimate happiness for the largest number of people. We are then far from the different
theoretical concepts that have been written after on to legitimate the market rules. Nothing, in
utilitarianism, forces us to think that only the preference of a consumer expresses the representative
happiness of the whole group from where it originates”.
Even in the case of “the” market utility we can imagine that we can change its content
depending on the market evolution. Management of these funds by the State or under the control of
waste managers may show at first the opposition between public intervention and the private market
sector. Nonetheless, it is possible to speak in both cases of utilitarianism from both angles. The market
can then recognize different options that would represent social utility.
We can then define utility as a value which is measured by the standard of the greatest
advantage for everyone when it represents the maximization of overall utility for the group. But this
concept of maximization does not mean there is no question about the definition of social values and
public interests. The regulation of the market also has to recognize transverse dimensions, such as
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environmental protection, when evaluating decommissioning costs. “Utility” is not only defined by the
market but may also reflect social values. Applying utilitarianism to the decommissioning costs then
means defining what is the maximisation of the public welfare of present generations.
The previous ethical ground called “polluter-pays principle” is not sufficient. Indeed, it has been
built on the utility of the free enterprise and the limitation of its abuse, by the State. The funding
managers’ main concern today is the provisions of these funds, its use and control. In a few words, the
utility of decommissioning funds needs safety in finances for the long-term. But the advantages of
industrials are not sufficient any more for defining the welfare of the future generations. Society is
looking to the availability of a warrant that is able to take in charge possible failures of the private
system of funding. Making waste producers and decommissioning managers responsible for health
and environment in the long run will not be sufficient to sort out the problems of intergenerational
ethics. Industrials themselves need to get the support of other stakeholders to reassure their investors.
The limits of provision from the private and intergenerational ethics call for a better responsibility of
national and international public authorities.
The need for Society to be in charge of the financial burdens raises the question of the
legitimacy of its structure in a right institution. We ask the question whether the confusion may stay,
from an ethical point of view, between the responsibility of the owner of the waste and the financial
responsibility of the management of the decommissioning funds. These managers, or at least the
management system of the funding, must then have a longer life span than the funds. With no doubts
we must link utilitarian ethics with long-term governance ethics. The utilitarian approach raises the
question of knowing the right conditions for acceptable feasibility: What are the savings to be adopted
by financial institutes; what are the appropriate social uses that may be acceptable for provisioning the
stock or to recapitalise interests.

4.2

Egalitarianism: What Is the Balance Between Generations?

The egalitarian approach can be applied to favour different logical actions in the management of
public budgets that vary from decommissioning funds, such as public roadwork or better education in
primary schools. Today, the expert must meet the decision-makers to set hierarchies between different
types of utilities, not by taking the responsibility of the political mandates, but using their knowledge
to give clear assessments of the costs. This helps politicians see what are the consequences of each
decommissioning option for the present generation. The utility must not only be defined by the nuclear
energy producer but must result from a network that produces public information. Utilitarianism does
not mean favouring only the companies that have sold the nuclear energy or are in charge of managing
the funds: Speaking about utility may also open ethics to the precaution of the future generations.
Let us define an egalitarian approach like a fair distribution of benefits and burdens among
generations, but the fairness is here found in an equal treatment with regard to a common criteria, like
the same capacity of payment, the same consumption of energy, the same right to be protected from
radiation, etc. We may also take into account other criteria, like similar life standards between the rich
and the poor countries. Other scenarios are also possible, like a solidarity mechanism between national
and international levels.
A fair approach enables characterizing the needs of everyone with their own history, to justify
these differences. This is about a proportional answer compared with the needs. The egalitarian
approach then refers to the similarity of situations that calls for a similar response, which is different
from adopting a common criterion to all. In other words, an egalitarian approach implies a debate
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between different values in Society. It does not aim at protecting, in the decommissioning costs, a
unique rational criterion from some cost assessment methodologies.
In order to assure an effective application of an egalitarian approach to the fundamental rules
and management of funding, we simultaneously have to think what the consequences are on the
different actors involved in the decision-making network. We then can examine the different technical
steps from the decommissioning operations up to the questions of the different types of risks that may
be taken in stock exchange and how accumulated interests might be used.
An egalitarian approach to future generations will be possible when a precautionary approach to
funding management is applied. We could also add that an egalitarian approach would enable
equivalence between local populations which live in richer countries and poorer ones. Within this
approach, preventive measures against bankruptcy, planned by decommissioning operators, or by the
public management, will then be put into balance with regard to other financial mechanisms that have
a larger scope at an international level.
Another way to apply an egalitarian approach would consist of distributing the financial burdens
on a large number of generations (only on those who benefit from nuclear) in order to compensate the
lack of provisions from the past, but from the very start of the nuclear power plant building. Then,
benefits must also be dealt equally among the generations, which raises the issue of the rationales for
the distribution: Do the next generations have to adopt the same standard of life as the previous ones?
The egalitarian approach must therefore be applied in order to make the transfer of the burdens
feasible and therefore also keep in mind the importance of passing on knowledge. Indeed, the
evaluation of the costs and of the funding might then be regularly revised to take into account the
current progress in costs assessments.
The accumulation of knowledge therefore has a huge impact in an egalitarian approach on the
burden of decommissioning funds. In the same way, the capitalisation of interests may also influence
an egalitarian approach between generations for all stakeholders who are seen as responsible for the
management of these funds. One of their responsibilities will consist of bringing to debate essential
needs that must be satisfied by the present generations. We then have to re-consider the egalitarian
approach by taking into account the evolution of the social needs in a progressive manner and not to
rule out the definitive definition of what is equal among the generations [20].
Ethics based on egalitarianism could also be used to justify financial safety in decommissioning
options adopted when setting the foundations of these funding. The equal approach is defined by the
possibility to reassure investors of current nuclear technologies. This would show to them that their
finances are protected against other industrial sectors. The different industrial technologies are then
compared by showing a common and equal approach in all decommissioning options. We are then
able to build internal coherence in this sector with the help of a fair and balanced funding management.
Applied to management funds, an egalitarian approach would then enable to place all
generations on the same level, from the start of the nuclear power plants, up to the decrease of
radioactivity levels. The egalitarian approach puts forward an ethical discussion based upon
proportional factors among different values and open doors for knowledge management and
democracy.
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5.

CONCLUSIONS

5.1

Ethics and Knowledge Needs Each Other

Ethical guidelines with regard to decommissioning funds show interactions between
representatives of the present and the future of our society and other stakeholders who deal with the
complexity of knowledge in radiation protection, nuclear waste, environment and health. The
distribution of risks and benefits addresses the question of the role of nuclear experts who have to
widen the perspectives of their previous practices which referred to a technical approach of
decommissioning [21], like for example, to take into account the growth of the population around a
nuclear depository.
The decommissioning funds illustrate the need to give to experts a participation in the writing of
ethics for the future generations. They become co-mediator, with all other stakeholders of the process
of stake translation from each generation. Between intra-generational and inter-generational ethics, the
whole process of knowledge management (different shapes possible) can help decision-makers to see
where are the priorities with regard to the importance of the amounts to be provisioned. But in a way,
by exceeding his prerogatives that are frequently centred on scientific tasks, experts have been asked
by other stakeholders to define the future, by integrating a lot of given values, social acceptability of
risks and financial capacities.
Of course, this mandate, implicitly given by media or representatives of the population, is at the
same time contested when the failures of technology become more apparent. When experts take refuge
in the ideal image of scientist, giving some answers on the needs to secure the technical aspects of
decommissioning operations, they also avoid to explore the complexity of intergenerational ethics,
pushing further the weight of some social responsibilities to other stakeholders. But framing a scenario
on the long term necessarily leads to more involvement on their part. It also open questions on other
issues like: An acceptable level of life quality, the costs for each generation to secure it, and the
liability regime in law.
The “right” decision about the provision for decommissioning funding asks for a role of
translators between different fields, not only by experts, but by all involved partners. The evolution of
their role in laymen countries may give a feeling of decreasing their prerogatives, firstly defined in
their own network. But such a change will be possible when the process of data production and its
exchange will also transgress the borders of the process of social acknowledgment. In other words, to
meet other points of view deals with a production of knowledge that will necessarily lose its coherence
for, at least, one of the partners that is in charge of bringing expert knowledge to a public arena. The
process of knowledge and its components are of high importance to give clear limits of responsibilities
and facilitate the involvement of the stakeholders. Making it available for all will allow more
transparency, more control and interactions with other social logic, rather than maintaining fund
management in a technical and industrial perspective.

5.2

Intergenerational Ethics Needs Public Accountability

Intergenerational ethics focuses on a long-term strategy, on solidarity with future generations.
Such an ethics favours transparency in the cost structure, a stable regulatory framework and a system
of control that will be open for justification principles. Ethics in the long term for decommissioning
funds would not confuse the needs for a stable framework with the use and the availability of funds
and stability in long-term governance institutions that would escape any social criticism. In summary,
intergenerational ethics pleads for a kind of accountancy, not the one which is given by experts or
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financiers only, but mainly by more transparency in the decision-making process [22] and involvement
of stakeholders at an early stage. Maybe international agencies [23] could at least help in the process
of “stretching” [24], i.e. scrutinising, the expert reports and cost assessments. More tasks could also be
conveyed to international agencies with regard to international ethics, not only as stretchers of the
process, but as the guardians and, in a word, promoters of forums for ethical debates.

6.
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ETHICAL GUIDANCE IN CONNECTION WITH DECOMMISSIONING
OF NUCLEAR POWER PLANTS

Carl Reinhold Bråkenhielm
KASAM, Sweden
Decommissioning of nuclear plants is guided by three different moral obligations. There is, first,
the obligation to collect and to preserve the financial, technical and scientific resources necessary for
the future decommissioning of nuclear power plants. There is, secondly, the obligation of the
responsible authorities in charge later in the present century to protect dismantling personnel, the
general public and the environment from excessive risks and, particularly, harmful levels of radiation.
And, thirdly, we in the present generation and the next one implementing different decommissioning
programmes are morally responsible for doing it in such a way that future generations of human
beings are protected. The main purpose of this paper is to discuss some ethical questions in connection
with the third type of obligation. I will suggest some of the ethical principles involved. These
principles are indirectly relevant for the other two obligations. Needless to say, one of the reasons for
the collection and preservation of resources for D&D programmes in the first place is our obligation to
protect future generations. How these resources are collected and preserved is primarily an entangled
web of financial, technical and political issues – albeit that usual legal and ethical considerations apply.
The main point of departure will be a paper delivered by Kenneth Arrow at the IEA World
Congress in 1995, “Intergenerational equity and the rate of discount in long-term social investment”.
In this article Arrow discusses the ethical arguments for and against so-called “pure time preference”.
He concludes that the present generation has an obligation to protect future generations, but the
present generation also has certain obligation towards itself. But how do we strike a proper balance
between the obligation to ourselves and the obligations to future generations? My paper is designed to
provide a tentative answer to this question.
My argument will be developed in ten steps. Except for the first and – possibly – last step, they
are controversial and have been contested. Nevertheless, I will argue that there are certain arguments
in their favour.
1.

One central characteristic of environmental problems and the policies to deal with them is the
long time horizons. Long time horizons are required to deal with, for example, climate change,
species extinction and disposal of radioactive waste. Also the decommissioning of nuclear
power plants has a long time horizon and might well start 50-60 years after the plant became
operational. This time horizon is outside the range of traditional economic and political
decision-making. Corporations and governments normally look 5-10 years ahead, not decades
and certainly not centuries. The tension between our measures to handle environmental
problems and our traditional forms of decision-making is accentuated by our obligation to
protect future generations and provide the safe and long-term disposal of radioactive material
(for example, the reactor tank) from the dismantled plants. Here the decommissioning
programme overlaps the programme for a safe disposal of spent radioactive fuel. And time
horizon for such programmes dwarfs almost all other environmental concern.
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2.

The principle of general equity is relevant for programmes for decommissioning of nuclear
power plants. One of the most obvious is concerns about the equity between the present and
future generations – and between future generations. And the ethical presumption is clearly an
extension based on the equality of all individuals, i.e. the principle of general equity: all humans
should be treated equally – unless there are morally relevant reasons to treat them differently.
Gender is not a reason for unequal treatment, nor is race or religious belief. And - writes
Kenneth Arrow – “the fact that an individual will be alive at some future time instead of today,
does not seem to be a morally relevant distinction”.
At first, this seems convincing. But on reflection, a certain need for qualifications arises. First,
the principle of general equity is agent-relative. Both the other – future generations – and the
self – present generation – impose obligations on the moral agent. Arrow quotes the first
century Rabbi, Hillel. Ethical obligations are agent-relative. “If I am not for myself, then who
is for me? If I am not for others, then who am I? If not now, when?” One might also quote one
of his contemporary: “Love thy neighbor as thyself!” Secondly, the principle of general equity
imposes a demand to treat all individuals – and generations – equally unless there is a difference
among these generations that are morally relevant, i.e. justify a differentiation among them.
One such morally relevant difference could be that future generations will be richer and more
technically advanced than our generation. If we knew that this was so, the perspective on the
decommissioning of nuclear plants and the disposal of radioactive material from these plants
could change. If future generations will become richer and technologically more skilful than our
generation, it would not be morally unacceptable to let them do at least some parts of the
necessary environmental clean-up after our nuclear programme. Needless to say, we don’t know
that this will be case. For all we know, future generations could be poorer and less technically
advanced than our generations.
Another possible fact of moral relevance is the economic, technical and scientific growth of the
present generation. This growth could be regarded as this generation’s primary contribution to
future generations. Economic growth and scientific progress relieve us of all other more specific
and risky contributions to insecure decommissioning funds – even in the form of treasury bills.
Needless to say, we don´t have any way of measuring whether our economic growth or our
technical advances cover all the open or hidden costs of our depletion of the environment or
exploitation of scarce natural resources. So the future wealth of coming generations is uncertain
– as is our own economic, scientific and cultural growth in comparison to externalities. So far,
the principle of intergenerational equity stands.

3.

When applying the principle of universalizability it is justified to consider our inability to
control the past as well as the long-term future. Let me make a short digress into the realm of
metaphysics to make a more salient point. Why is it that we don´t even consider that the
principle of general equity has the implication that we are to treat former generations equal to
our own and future generations? Well, for all practical purposes, we cannot travel back into past
and make justice. We cannot be morally obliged to do something we are not able to do. So we
must waive this implication of the principle. But an analogous argument can be formulated for
generations sufficiently far away in the future. For all practical purposes we are unable to
affect their situation. Are we then relieved from the ethical obligation to treat them as our
equals? Yes, in one sense we are; in another sense we are certainly not. I will try to clarify this
complicated position.

4.

Time preference-principles amounts to making certain priorities in favour of certain
generations. One example is the idea that the present generation should have a priority when it
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comes to distribution of certain values. Such present generation preferences have been heavily
criticized from – among others – Frank Ramsey. Frank Ramsey was an English mathematician
and philosopher in the first half of the last century. He was also a friend of Ludwig Wittgenstein
and had a special interest in the philosophy of economics.
In an influential paper from 1928, where Ramsey presented a mathematical theory of saving, he
wrote the following:
[I]t is assumed that we do not discount later enjoyments in comparison to earlier
ones, a practice which is ethically indefensible and arises merely from the
maximalness of the imagination. (Ramsey 1928, p. 261 – reference by Arrow).
Frank Ramsey and others argue against any kind of time preference. It is wrong to give our own
or any other generations special weight and importance in a moral argument concerning the
distibution of that which is valuable. Time preference is a polite expression for rapacity and the
conquest of reason by passion. According to Ramsey, the social rate of time preference should
be zero (Solow 1974, p. 9 – reference by Arrow).
The problem with this argument is that it is too much of a top-down argument from the general
principle of general equity to the absolute equity between generations. We must also give a
certain weight to specific facts and what I would like to describe as the basic structure of
existence. The irreversibility of time and our inability to influence the future beyond, say, a
thousand years from now belongs to the basic structure of existence.
Koopmans and Arrow have given another kind of argument for time preference when it comes
to the present generation. It can be construed as a reduction in absurdum-argument against
Ramsey’s claim that time preference is ethically indefensible. The short version of Koopmans´
and Arrow’s argument is simply the following. Suppose that we had the unabridged obligation
to treat all generations alike. This would place intolerable burdens upon a given generation for
the sake of futurity. We would be obliged to sacrifice almost everything we have, and save it for
future generations. And our children, our grandchildren and so on, would similarly be obligated
to save almost everything for the future. Arrow concludes that “the strong ethical requirement
that all generations be treated alike, itself reasonable, contradicts a very strong intuition that is
not morally acceptable to demand excessively high saving rates of any one generation, or even
of every generation” (Arrow 1995, p. 16). Arrow arrives at an ethical position he calls
discounted utilitarianism: each generation will maximize a weighted sum of its own utility and
the sum of all future generations, with less weight on the latter. Really distant generations are
treated all alike. Incidentally, this accords with the outcome of questionnaire studies (see
Cropper, Aydele and Portney 1994). Respondents in the general public weight returns one
hundred years from now very little more than those two hundred years from now.
5.

Nevertheless, we are obliged to show an equal respect to our own as well as to all future
generations, namely when it comes to respect for the principle of minimal justice. This principle
of minimal justice could be formulated in the following way:
Every generation has a moral obligation to use natural resources in such a way that we
don’t threaten any generation’s possibilities for life.
This puts serious and rigorous policy constraints on nuclear waste repositories. The principle of
minimal justice implies a virtual absence of discounting. Kenneth Arrow has argued that “even
a modest discount rate would assign virtually no weight to deaths beyond a few hundred years”.
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This is the first place at which ethics has a close encounter with policies for the
decommissioning of nuclear plants. According to Ludwig Aumüller, managing director of RWE
NUKEM GmbH, there are two routes to the final decommissioning of nuclear plants: immediate
dismantling to return the site to a “green field” state, or safe encapsulation for later dismantling.
In the case of a nuclear power plant the two alternatives have their advantages and
disadvantages, but before a decision can be taken for one or the other there is the so-called postoperational phase after the plant has ceased producing electricity. This involves removing all the
fuel elements and operational waste from the plant. Although 99% of the activity will have been
taken away for storage, the post-operational phase is dominated by a very complicated operating
routine. It is not until authority has been granted either to dismantle or to encapsulate that the
operationally orientated regulations give way step by step to those orientated towards
dismantling. Maintaining “residual operation” is relatively cost-intensive, and this argues in
favour of completing the dismantling process quickly. So irrespective of the route one chooses,
ground or underground repositories for radioactively contaminated material from dismantled
nuclear plants has to be constructed. Radioactive material must be stored or transmutated in a
way that protects human life in this generation and in every future generation alike. Deaths or
injuries in a few hundred or a few thousand or a few ten thousand years because of radioactive
material from former nuclear plants carry equal weight and constitute an equal loss to humanity.
It is not morally just to disregard unnecessary and avoidable deaths and injuries to future
generations simply because they are alive at some very distant time in the future.
6.

The primary responsibility for the application of the minimal principle of justice is the
generation that produces the pollution which threatens future generations possibilities for life.
This statement is analogue to the PPP-principle – the Polluter Pays Principle. This principle
implies that the present generation is morally required to abate the emission of carbon dioxide
emission to reduce the climate burden of the future. Similarly, we are morally obliged to protect
future generations from the hazards of nuclear waste through a safe and sustainable repository.
We have enjoyed the benefits of nuclear power – we are also obliged to pay the costs. I will
shortly return to the question how this responsibility could be realized.

7.

In contrast to the minimal principle of justice, the maximal principle of justice must be
interpreted in preference for the present and the immediately succeeding generation. According
to the maximal principle of justice we in the present generation have an obligation to use natural
resources in such a way that not only the present generation but also future generations can
satisfy their basic needs. This maximal principle of justice is clearly – as is the minimal
principle of justice – agent-relative. The agent, i.e. our generation, is obliged to satisfy its own
as well as the needs of future generations. On the other hand, this maximal principle of justice
might be interpreted in a time preferential way, i.e. with a decreasing responsibility towards
future generations. Beyond 200-300 hundred years the positive influence of the present
generation has vanished to an insignificant level. To be sure, our capacities to influence the
persons who live on this planet in around 2300 in a negative way are considerable. We might
affect them in a major way through a nuclear war or through a slowly deteriorating environment.
Some of these destructive changes – possible or actual – are irreversible or almost irreversible.
But what is our means today of radically improving the basic conditions of persons living in –
lets say – 2350? Even if we doubled our GNP, increased technological development and
scientific discoveries, our contributions to the generations that far in the future might vanish by
the performance of the generations in-between. My conclusion is then that the maximal
principle of justice applies up until 5-6 generations beyond our own – at the most. And this is
about as many generations we can encompass with a stretch of our emotional capacity of
empathy. I can clearly have a sense of community with my grandchildren (generation 3 from us),
44

NEA/RWM/WPDD(2005)4

and even with their children (generation 4). Persons with greater gifts of empathy might even
have a sense of responsibility and community with their grandchildren’s grandchildren
(generation 5). But here we approach some kind of limit at which the positive influence of our
own generation also reaches some kind of vanishing point. And so does the application of the
maximal principle of justice – for us.
8.

Application of the maximal principle of justice could involve storage of radioactive material so
that future retrieval is made possible. The consequences connected with the second and longterm part of the decommissioning programme is primarily the safe disposal of radioactive
material from the dismantled plants. The most important question concerns the nature and
construction of the repositories. Will these repositories be part of larger repositories for toxic
nuclear waste or transmuted nuclear waste product? If so, will they be constructed in a way that
allow for some kind of future retrieval of the material – should a future generation decide to do
so? It could be argued that we as a part of respect for the minimal principle of justice ought to
respect the autonomy of future generations to make or not make such decisions. They might
find the material important to fulfil their basic needs.
There might, however, be a strong argument against a repository allowing for the possibility of
future retrieval. Albeit that we should respect the autonomy of future generations, our primary
responsibility is to construct a repository that fulfils our obligations to future generations
thousands of years from now, i.e. that their possibilities of life should not be diminished through
the hazardous radioactive material produced by us. This means that it should be sealed off from
the biosphere by multiple barriers – and no compromise should be made for possible retrieval.
In a conflict between the minimal principle of justice and the maximal principle, we should go
for the minimal principle.

9.

The principle of intergenerational community complements the principles if justice. What is the
principle of intergenerational community? According to John Rawls the present generation – as
well as each succeeding generation after us – has three obligations to the following generation.
They should:
• preserve the advances our culture and civilisation has made,
• strengthen just institutions and the institutions that promote justice and
• transfer scientific, technological and economic growth to our children and grandchildren.
Each and every generation has such an obligation. But – and this is an important but – such a
continuing transference of values does not come by itself. Economic growth is a necessary, but
not sufficient, condition for such a continuing transference of values. The present and the future
need to be entwined by policies, institutions and financially robust systems for – among other
things - the realization of a safe dismantling of nuclear power plants. A chain of responsibility is
required whereby the present generation transfers resources and reasonable obligations to the
succeeding generation. Each and every generation has such an obligation, so that they possibly
can reach an even higher level of human flourishing.
Kenneth Arrow catches the essence of the principle of intergenerational community:
..no one generation controls the future. Each generation can determine how it will
divide its disposable income among consumption and various kinds of investments,
public or private. But the next generation will have the same decision. If all
investment is short-lived (or, more generally, reversible) then all that one
generation can determine is how much capital to pass on to its immediate
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successor. That generation in turn will decide what it will leave to the next
generation. (Arrow 1995, p. 19)
At this point, the really difficult questions begin. What amount of money is sufficient to cover
the future cost of decommissioning? Should already existing decommissioning funds in Europe
be forced into a common European “solidarity fund”? Such a fund could possibly have certain
advantages, but at the same time be politically difficult. According to certain estimates German
power utilities have set aside about Euro 31 billions for the decommissioning of 25 plants, while
the French EdF has about Euro 26 billions for the dismantling of 71 plants. These issues are,
however, not of an ethical nature, but financial and political problems.
10.

The principle of intergenerational community is especially relevant for us today. For example,
the eleven Swedish nuclear plants now in use are operational for about forty years. The principle
of intergenerational community puts obvious constraints on the Swedish as well as other
national programmes for the decommissioning of nuclear power plants. The institutions
responsible for the decommissioning and disposal funds need to be secured. Knowledge,
competence, resources need to preserved, developed and effectively transferred to the next
generation.
Of special importance is securing decommissioning funds in the context of the liberalised
electricity market which in all probability will characterise the future. Decommissioning fund is
a key element in implementing the obligations of the present generation towards future
generation. The collection and administration of these funds must fulfil stringent criteria of
financial ethics. These criteria include:
• preservation and, possibly, increase of financial resources;
• robustness (independence from a variety of societal, political and economic scenarios);
• transparency (communication of working procedures in a way that is visible and clear to the
general public);
• goal-specificity (availability of resources constrained by specific the purposes of D&D).
It is a major task to specify what these criteria imply about the collection and maintenance of
decommissioning funds. Such a specification is part of a larger specification of the
implementation of our responsibility to future generations, particularly the immediately
succeeding generations.

The main objective of this paper has been to formulate the general principles to be applied in
connection with policies for the decommissioning of nuclear power plants. I have also tried to spell
out the constraints which these principles place on these policies both in the first part of dismantling
the power plants as well as the second part of the long term running of a safe repository for the
disposal of hazardous material from the dismantled plants. I have argued for a set of principles, of
which some display a time preference and some other not. By way of ethical method, I think a topdown method is insufficient. Ethics is more than simply a deduction from the principle of universal
equity. Of particular importance for the implementation of our responsibility to future generations is
the formulation of stringent criteria of financial ethics and the application on these criteria on the
management of funds for the decommissioning of nuclear plants and the subsequent disposal of
radioactive waste.

46

NEA/RWM/WPDD(2005)4

A Practical Application of Ethical Principles:
The Swiss Example
H. Maxeiner
1
2
3

Ethical considerations (EKRA)
Waste disposal system
Decommissioning and Waste Management Fund

1

TS on Funding Issues, 5th WPDD-Meeting, Nov 9, 2004

1 Ethical considerations (EKRA)
• Responsibility for defining boundary conditions for radioactive waste
disposal lies with the society

• Sustainability: Radiological safety of present and future generations has
priority over all other criteria: same rights to the same level of safety

• Justification of (deep) geological disposal: Burden of dealing with waste
should not be passed on to future generations who did not benefit from
the use of nuclear energy

-

But: freedom of future generations to decide on WM questions
should be maintained

- Seal a repository as soon as possible (no burden to monitor or
maintain)?

- Continuos monitoring and access any time (re-dispose, selfdetermination)?

2

TS on Funding Issues, 5th WPDD-Meeting, Nov 9, 2004
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1 Ethical considerations (EKRA)
• Future generations: freedom to specify what is an acceptable risk
- Current and future state of knowledge
- Probability of an event and extent of damage
• Planning of a repository: Reversiblity to be taken into consideration
- Use of better knowledge by future generations
- Key feature of monitored long-term storage
- Must not compromise (long term) safety
- Retrievability of waste is a (key) part of reversibility
- Problem: difficult to be reconciled with „final disposal“
• Costs of waste management: „Producers pay“ (now) principle
- Profiting generation should not pass costs to future generations
- Sufficient reserves to be put aside by producers

3

TS on Funding Issues, 5th WPDD-Meeting, Nov 9, 2004

2 Waste disposal system: Geological disposal
• Test facility for investigating the suitability of a repository
- Site specific rock laboratory
- Operated prior to waste emplacement in main facility
- Should provide input to the definitive safety analysis
- In zones planned for future waste emplacement (i.e. on site!)
- Use of real waste and/or waste simulators
• Pilot facility operated before the main facility
- Spatially separated from the main facility
- Can be operated over a long time period (representative waste)
- Monitoring of natural and engineered barriers
- Check of retrieval of waste
- May be closed later than main facility, decided by fut. generations
• Main facility
- Retrieval remains possible
- After waste emplacement caverns are backfilled immediately
- Monitoring phase: access shafts... remain open
- Monitoring phase: may be several decades to (more than a)
hundred years
4

TS on Funding Issues, 5th WPDD-Meeting, Nov 9, 2004

48

NEA/RWM/WPDD(2005)4

2 Waste disposal system: HLW/SF

5

TS on Funding Issues, 5th WPDD-Meeting, Nov 9, 2004

3 Decommissioning and Waste Management Funds

• Financial means for radioactive waste management
- Secure financial means today, independent of economic climate
- Cover all sorts of waste and procedures
• Decommissioning fund: Costs for
- Decommissioning and Dismantling
- Conditioning and disposal of decommissioning waste excluding SF
• Waste management/disposal fund: Costs for
- Managing operational waste and SF
- Waste disposal facilities until closure

6

TS on Funding Issues, 5th WPDD-Meeting, Nov 9, 2004
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Session 2 – ACTUAL EXPERIENCES OF FUND SETTING AND MANAGEMENT
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OVERVIEW AND COMPARISON OF INTERNATIONAL PRACTICES
ON FUNDING MECHANISMS

Flavien TCHAPGA
University of Paris 11, France
1.

INTRODUCTION

1.1

Background

Although the Funding Mechanisms of Decommissioning and Dismantling (D&D) of Nuclear
Power Plants (NPP) has recently gained a growing interest1, this is not only a new but also an old issue.
The issue is old because National Atomic Laws and/or other Nuclear Legislation recognized the
mandatory character of D&D. Consequently accumulation of funds to cover the future D&D expenses
is a legal requirement since the beginning of Nuclear Energy Industry, at least in countries with a
market economy. The issue is new as well because many of the large commercial NPP may reach the
end of their lifetime during the next twenty years2. As a result, the growing interest on D&D Funding
Mechanisms is justified since the funds accumulated should cover the related expenses if any.
Despite this growing interest, there is however a lack, at least at the NEA3 level, of an updated
survey of existing Funding Mechanisms 4 . Because Electric utilities are experiencing deregulation
movement5, there is also a lack of a “comparison framework” which take into account this new context,
and within which the effectiveness of current Funding Mechanisms could be assessed.
1.2

Purposes and Challenges of Funding Mechanisms

In the field of NPP decommissioning, funding mechanisms refer to the overall process of
financing future D&D operations. Therefore, one can expect a funding mechanism to organize some
relevant functions regarding D&D financing. These functions are, 1° the recognition of the liabilities
and the estimation of the related financial burden, 2° the collection of the corresponding financial
resources 3° the management and disbursement of those resources when needed. In fact, the
1.

See [1], [2], [3] & [7].

2.

In the case of France, the operational lifetime of NPP has been extended to 40 years. Given this assumption,
the bulk of NPP retirement will occur between year 2017 and year 2030. A peak will be reached in 2020
since 7,3 GW capacity will be retired (see [4]). It is worth noting that it could be of economic interest to
extend the lifetime of NPP, provided that investments to meet safety requirements are not prohibitive.

3.

OECD/Nuclear Energy Agency.

4.

The most recent work published by the NEA on the subject with the objective to provide an international
framework on a comparative basis is the 1996 report. See [8].

5.

See [4] & [5].
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mandatory character of D&D suggest that an effective Funding Mechanism should provide availability
of funds. This is to say the funds collected should be managed in a consistent way regarding their
protection against financial insecurity. Since there is no investment without risk, availability of funds
is properly a matter of degree. Therefore the challenge faced by Funding Mechanisms will be to
provide when needed the degree of availability necessary for their effectiveness. But this can be
expected only if the risk taken in the investment of funds are properly identified and appropriate
measures to cope with identified risks taken.
1.3

Objectives of the Paper

This paper will shed some lights on Funding Mechanisms in OECD countries. First of all, it will
review and evidence the variety of the institutional frameworks of Funding Mechanisms. Despite
existing differences, these mechanisms are set up with common objectives which are, 1° the
management/control of the funds and, 2° the bearing of one of the back-end liabilities of nuclear
power industry. Therefore, the paper will address the existing relationship between these two
objectives.
The deregulation of the electricity market has created a new situation where electric utilities
including NPP owners have entered a volatile era 6 . This raises a new question concerning the
robustness of Funding Mechanisms. That question is: What degree of availability of funds
accumulated could be expected from those mechanisms under these new volatile business conditions?
In this respect, the paper will assess the merits of current Funding Mechanisms.
1.4

Methodology

The paper will proceed as follow: 1° A survey of practices in different countries. The design
of Funding Mechanisms will be considered and their variety will be evidenced; 2° Respective merits
of Funding mechanisms regarding the availability of funds in a deregulated electricity context.
In this respect, the strength and weakness of current Funding Mechanisms will be assessed regarding
the protection of funds against financial insecurity. Evaluative criteria related to the design of funds on
the one hand and to the deregulated electricity context on the other will be considered.
2.

INTERNATIONAL OVERVIEW OF INSTITUTIONAL FRAMEWORK

The objective of funding mechanisms as stressed above is to finance the future
decommissioning costs of nuclear power plants. Despite this common objective, significant
differences do exist between funding mechanisms in OECD countries. In fact, the overall
decommissioning process is subject to national decommissioning policy which are varied7. Because of
the lack of uniformity of national framework, it seems obvious to expect differences regarding funding
mechanisms. It is also of interest to evidence the existing differences. One way of doing this is to look
at, and describe, the details of the design of a funding mechanism. This can be done through three
steps. The first step will consist in outlining the basic components of the design of a funding
mechanism. It will appear that those components can be, and are, defined differently. Because there is
no single way to combine those components, the next step will highlight the diversity of current
6.

The concerns here are: 1° electricity market price volatility, 2° cash-flow and economic margin volatility,
3° stock prices volatility, ... See [13] and [15].

7.

See the NEA 2003 report ([9], page 21). According to this report, decommissioning policy “refers to
government policy, and includes all governmental (national or regional) choices, as described in laws,
regulations, standards and mandatory requirements that will influence the framework in which
decommissioning takes place”.
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funding mechanisms in OECD countries. Respective national framework also address the allocation of
the technical responsibility of decommissioning on the one hand, and of the ownership/control of
decommissioning funds on the other. The third step will then address existing relationships between
both responsibilities in other to emphasize the way they are brought together in national framework.
2.1

Basic components of Funding Mechanisms

Four main components of the design of a funding mechanism can be distinguished. These are 1°
the costs estimation rules and liabilities calculation, 2° the collection of the funds and its timeframe, 3°
the management/control of the funds collected and, 4° the monitoring of the process.
2.1.1 Costs Estimation Rules and Liabilities Calculation
The knowledge of costs is a prerequisite of any financing purpose. So it is in the field of
decommissioning where funding requirements need to be determined. For this to be done, the nature
of decommissioning costs needs to be defined. The IAEA8 standards on decommissioning are the
admitted references on the subject within the civilian nuclear energy profession. Therefore, the costs
which we need to know in the purpose of funding requirements are costs related to the three
decommissioning stages acknowledged by the IAEA9.
According to the NEA 2003 report, decommissioning costs can be estimated in a reliable way
since decommissioning industry has matured and gained experience10. However, estimation technique
are basically projection of costs. Therefore, the reliability of costs estimation may be confronted to
uncertainties when there is a lack of information 11 . In contrast, when past experiences of the
decommissioning of other nuclear facilities are available, they offer the opportunity to scale down or
to scale up the corresponding expenses on a case by case basis.
In OECD countries, decommissioning costs projection rest on two main rationale. The first is
the construction costs of the NPP. This rationale consider that decommissioning costs will represent a
percentage of construction costs (between 12 and 20%). The second rationale is overnight costs
which refers to what the costs will be if decommissioning could take place instantaneously according
to a defined plan and under prevailing technological and regulatory conditions. It is worth to mention
that whatever the rationale is, costs estimates are periodically updated to reflect current
decommissioning strategy, the state of decommissioning technology and inflation rate.
Table 1 below evidences the variety of practices regarding costs estimation rules in OECD
countries.
Some countries have choose to base their funding requirements on the construction costs of the
NPP.
8.

International Atomic Energy Agency.

9.

It is interesting to recall the respective stages of decommissioning operations. The first stage includes
removal of all the fuel from the reactor, removal of the waste produced during the operation phase and
still present on site, disposal fluids, and some decontamination operations. The second stage consists in
dismantling the equipment outside the nuclear island and in reinforcement of the reactor containment. The
third stage consists in actually dismantling the facility. See [14], page 425.

10.

See [9], page 46.

11.

The consistency of costs estimation methods are not discussed in this paper. The reader should refer to the
contribution of Söderberg & al. in this Topical Session which highlights some major uncertainties.
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The construction costs rule is applied in Belgium (12%), in France (15%). To cope with the
same issue, other countries rely on overnight costs. This is the case in the United Kingdom, in
Switzerland, etc. In some countries, costs estimates may rest on specific rules (costs escalation or
specific assumptions, etc). These countries fall in the category others shown in table 1. In Canada, for
example, there is no general rule. The owner of NPP are supposed to propose an estimate of D&D
costs to the Canadian Nuclear Safety Commission (CNSC) which may or may not validate the
proposed estimates. In the USA, the amount of the costs estimation by the NRC is at least $290
million and $370 million (in 1999 dollars) respectively for a generic PWR and for a generic BWR12.
Once the projected decommissioning costs is known whatever the method used, the next issue is
to determine the amount that should be really set aside. This is a matter of discounting technique, and
within it, of the importance given to the timing of decommissioning activities. It is worth noting that
the rationale of discounting is that of accumulation. This means that an amount of money set aside
today can grow (free of inflation) in a large amount in the future provided the period is long.
Because decommissioning expenses are incurred several decades later, even in the case of an
immediate D&D strategy, the use of discounting seems to be justified, without being mandatory, in
decommissioning financing. This is why two methods of liabilities calculation are distinguished.
These are the net present value and the current value methods.
The net present value method takes into account a discounting rate and an accumulation
period which may or may not include the timescale of decommissioning activities. According to this
method, the owner of the liabilities is required to set aside only a fraction of the costs estimates. The
remaining fraction is expected to be raised through the accumulation process regarding the discounting
rate applied and the accumulation period chosen. This method is also known as discounted liabilities
methods.
In Belgium, the estimated burden is discounted by considering the lifetime period of the plant
and a rate revised every five years. This rate was fixed at 8,6% in 1999. France and Germany also
considered the power plant lifetime period and discount the estimated burden at a rate of 5% in France
since 2003 and 5,5% in Germany since 1999. Discounting is also applied in The Netherlands by
URENCO (2%) and the Research Center (7%). In the UK, the time scale of decommissioning
activities is the period considered in discounting. That period is 80 years for British Energy and 135
years for BNFL13.
In the current value method, the liabilities amount is undiscounted. Consequently, the owner
of the liabilities should set aside the amount of money corresponding to the costs estimates. In Japan
for example, the annual contribution is determined in a pro-rata basis regarding assumptions on the
electricity output each year and during the lifetime of NPPs. In the remaining countries in the table
below, the financial burden of D&D is not discounted. Table 1 below summarise the current situation
in some OECD countries.

12.

See [14], page 378.

13.

See Annual report of both companies.
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Table 1:

Countries

Costs estimation rules and liabilities calculations in some OECD member countries

Costs Estimation Rules
Percentage of the Overnight costs
construction costs
estimates
X

Others

Liabilities calculation
Discounted
Undiscounted

Belgium
X
Canada
X
X
Finland
X
X
France
Before Yr 2003
X
Since Yr 200314
Germany
X
Since Yr 1999
Italy
X
Japan
X
X
South Korea
X
X
The Netherlands
X
X
X
Spain
X
X
Sweden
X
X
Switzerland
X
X
UK
X
X
USA
X
X
Source: NEA’s Compilation of national fact sheets (last updated: 28 September 2004), see
www.nea.fr/html/rwm/wpdd/welcome.html

2.1.2 Procedures for Funds Collection and Schedule for Funding
After the costs have been estimated and the amount of the liabilities determined as presented
above, two others relevant problem arise. Regarding decommissioning financing, it is important to
determine how the amount of the liabilities will be raised, when should it be provided and at what
speed. The question here is, through what channels the funds are raised and within which time period?
The practices on both issues in OECD countries are diversified.
Regarding fund collection methods, some countries rely on electricity rates while others raise
funds trough a levy on electricity revenue. Electricity rates method implies that decommissioning
costs are component of nuclear generated electricity costs. In contrast, a levy on electricity revenue
means that the funds are raised by a charge on the electricity system on a kWh basis. This is the case
in Italy where there is no more nuclear generated electricity15. According to the NEA 2003 report,
decommissioning funds are mainly raised through electricity rates in OECD countries16. Spain and
Italy rely on levy on electricity sales to collect the decommissioning funds. It is difficult to class
Sweden’ practice in one of the two collection method. Although the fee determined by the government
is not a general taxation on nuclear power, it is not clear to what extent it is included in electricity rates
and consequently in the cost of nuclear generated electricity. This issue is not clear as well in
Switzerland where annual contributions are paid into the fund by NPP owners.
Electricity rates and levy on electricity revenue methods link the fund collection to the operator’
turnover. This is why another characteristic of funds collection applied by some countries is important
to notice. In fact, guarantees may be required to the operator to cover decommissioning expenses if a
14.

See EDF 2003 Annual Report.

15.

In Italy, there are no more operational NPP. However, Italy still collects some funds by a levy on
electricity sales to provide additional resources linked to the change in the decommissioning strategy. See
NEA/RWM(2003)14.

16.

See [9], page 51.
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plant is closed prematurely or if those expenses exceed the volume of funds accumulated17. In Canada,
the CNSC may draw upon financial guarantee establish by the operator if necessary. The Finnish
practice combine guarantees and gradual build in the external State fund18. This rationale ensures that
the liabilities not covered by the NPP contribution into the fund are covered by guarantees. In Sweden,
NPP owners are required to furnished different guarantees to prevent any insufficiency of funds. In the
USA, D&D funds can be collected progressively through electricity rates or be covered by mean of
prepayment account or financial assurance mechanisms. To a large extent, guarantee is also applied in
Switzerland. In this latter country, the NPP owners are obliged by law to act as guarantors.
The second relevant problem is the schedule for funding. That is, should the funds be set aside
on a yearly ‘pay as you go basis’ or before the plant be commissioned? These methods refer
respectively to gradual build approach and prepayment.
The current practices in OECD countries fall into these two categories. The gradual build
approach consists of an annual payment (provision) reported in the balance sheet of the company
during the commercial lifetime of the nuclear plant. It could also take the form of an annual
contribution in an external fund. The prepayment approach requires the operators to provide the
decommissioning financing before the plant begins its operation. The current practices in OECD
countries regarding funds collection and schedule for funding is given in the table below.
Table 2:

Funds collection and Schedule for funding in some OECD member countries

Countries

Funds Collection Methods
Schedule for Funding
Electricity rates
Levy
Guarantees Gradual build
Prepayment
Belgium
X
X
Canada
X
X
X
Finland
X
X
X
France
X
X
Germany
X
X
Italy
X
Japan
X
X
South Korea
X
X
The Netherlands
X
X
Spain
X
X
Sweden
X
X
Switzerland
X
UK
X
X
USA
X
X
X
X
Source: NEA’s Compilation of national fact sheets (last updated: 28 September 2004), see
www.nea.fr/html/rwm/wpdd/welcome.html

2.1.3

Organisation of the Funds Management

The management of the funds collected is necessary because decommissioning implies costs
that are very distant in time compared to the collection of the financial resources. One important issue
here is the appointment of the manager of the funds19. Of course, this raises the question of ownership
17.

A deficit of funds could appear because the financing mechanism itself may proved less accurate or in
case of a change in the regulatory regime of decommissioning.

18.

Nuclear Waste Management Fund

19.

There might simply be no funds to manage if the decommissioning is the responsibilities of the State.
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and control of those funds. There are two possible strategies regarding the organisation of the funds
management. The management may be outsourced or not. This refers respectively to a management by
an external body and to a management by the NPP owner (internal solution).
When the internal solution prevails, the management of the funds may or may not be unbundled
from the electricity business of the NPP operator. In the latter case (management not unbundled), it
can be envisaged that a statutory account carry a fraction of the funds.
In the case of an external management, two relevant organisational issues appear. The first is
whether the external management should be centralized or not? The second is whether the external
manager should be a private or a public body? From current practices in OECD countries, it can be
observed that public property regime always goes with a centralised rationale of the management of
funds. In this case, the existing fund is unique for the entire industry20 without being a mutual fund. In
Sweden for example, the central fund is properly speaking four different funds, one for each NPP
operator. A mutual fund can be expected when the responsibility of decommissioning rest on a unique
body as it is the case in Spain. Conversely, private property regime always goes with a decentralised
management rationale. This implies that there could be as many funds as there are operators. The table
below shows that current practices in OECD countries fall into two generic categories, namely
outsourcing or internal management21.
Table 3:

Organization of decommissioning funds management in some OECD member countries

Countries
Belgium
Canada
Finland
France
Germany
Italy
Japan
South Korea
The Netherlands
Spain
Sweden
Switzerland
UK
USA

Outsourced Management
Private body
Public body
X

Internal Management
Segregated
Non-segregated
X

X
X
X
X
X
X
X
X
X

X

X
X
X
X
Source: NEA’s Compilation of national fact sheets (last updated: 28 September 2004), see
www.nea.fr/html/rwm/wpdd/welcome.html

20.

This is the case in Finland, Sweden, Switzerland, Spain. Belgium and the UK will also range in this case
when Synatom for Belgium and the NDA for the UK will be operational. It is worth noting that the NDA
will be the unique fund only for the state own NPP.

21

These categories are generic because several possibilities regarding ownership/control of the funds do
exist. The owner under the supervision of the State can manage the fund, or it can be managed by a
private company/bank again under possible control of the State, or it can be managed by the State under
the control of a different State agency. The fund could be a mutual one or there could be a fund for each
NPP owner or for each NPP.
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Outsourced management may rest on a public and centralised body or on private decentralised
bodies. In Belgium, a legal provision of June 2003 has outsourced the management of the funds in the
benefit of SYNATOM SA, but the decret royal necessary for this provision to came into force is yet to
be taken. SYNATOM SA is a subsidiary of NPP owners (Electrabel & Tractebel) in which the
Belgium State retain a golden share. The Finnish Nuclear Waste Management Fund is a State fund in
charge of the management of D&D funds of all the NPP owners. In Sweden, the fund is managed by
an independent government authority (the Board of the Nuclear Waste Fund). This responsibility is
also carried in Switzerland by a public body the fonds de désaffection des installations nucléaires. In
Spain, the public company ENRESA manages the funds since 1984. Since year 2000, Italy has
empowered SOGIN, a public company, in this respect. In the UK, the system has evolved from an
internal non-segregated rationale to an outsourced and state management rationale for public operator
of NPP (BNFL & UKAEA). In fact, a new public body, the LMA (Liability Management Authority),
was created in July 2002 and transformed in NDA (National Decommissioning Authority) since
March 200322. In the USA, the NRC introduced in 1998 an amendment in its trust fund requirements
which provides that D&D funds may be managed trough external sinking funds.
In the case of internal management, the NPP operators hold the funds. In its pure form, internal
management do not rely neither on a statutory account nor on a trust. So other practices in this
category are internal management combined with a statutory account (EDF, BNFL) and internal
segregated management via a trust fund (British Energy).
2.1.4

Procedures of Monitoring

Several monitoring dimensions of funding mechanisms do exit. Costs estimates are submitted to
periodical control as well as the inflow of resources into the fund. Another dimension is the
monitoring of the management strategy of those resources and this is what the present section will deal
with. In fact, once the manager of the funds is appointed, a concern still remains regarding the
management of the funds. The concern is that of confidence in its management. The question here is
how to organise the monitoring activity so that the management be effective regarding established
principles (transparency, availability,). In this respect, OECD countries rely both on relevant sectorial
authorities and on specific body.
Monitoring by relevant sectorial authorities (government departments in charge of the energy
sector) is provided by all the national institutional frameworks. This aspect of monitoring consist in
issuing more general rules. Some examples are, the Direction Générale de l’Energie et des Matières
Premières in France, the Department of Trade and Industry in UK, the Office Fédérale de l’Energie in
Switzerland, the BMU in Germany, the Nuclear Regulatory Commission (NRC) in the USA, etc.
Although monitoring by specific body can be found in all OECD countries, significant
differences do exist at their operational level. In fact, some OECD countries have empowered special
purpose organisation to carry out monitoring activities. This is the case in Sweden with the Nuclear
Power Inspectorate (SKI). The Spanish institutional framework also provides that the Comision
Nacional de Energia oversees the management of the funds. In Switzerland, the DETEC (Federal
Department of Environment, Transport, Energy and Communication) has set up an Administrative
Commission for this purpose. In Belgium, the above mentioned June 2003 legal provision also entitled
the creation of a “Surveillance Committee”. In contrast, other countries rely on general purpose
organisation. That is to say the supervisor is not sector specific. This scheme is observed in France
and Belgium with La Cour des Comptes. It is the case as well in the UK and in the USA where
22.

The NDA is expected to be operational by April 2005. [See NEA/RWM(2003)14].
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respectively the National Audit Office and the Government Accounting Office have the responsibility
to assess the management of the funds. The remaining countries also fall in this category. In fact,
Canadian monitoring process provides that the CSNC requires information from NPP owner on their
decommissioning plans and financial guarantee but do not specify their contents. In the Finnish system,
the Ministry of Trade and Industry is the supervisor of the funding mechanism. But this is a more
general governmental body as it is the case of the Italian Ministry of Economy whose monitoring
activity consists of issuing guidelines according to which SOGIN manages the funds23. The Japanese
system provides that regulatory authorities assess adequacy of the funds by reviewing accounting
report submitted by the NPP owners.
Current monitoring practices in OECD countries are given by the table below.
Table 4:

Monitoring of the decommissioning funds management in some OECD member countries

Countries

Relevant sectorial
Specific body
authorities
Specialised
Non-specialised
Belgium
X
X
Canada
X
X
Finland
X
X
France
X
X
Germany
X
X
Italy
X
X
Japan
X
X
South Korea
X
X
The Netherlands
X
X
Spain
X
X
Sweden
X
X
Switzerland
X
X
UK
X
X
USA
X
X
Source: NEA’s Compilation of national fact sheets (last updated: 28 September 2004), see
www.nea.fr/html/rwm/wpdd/welcome.html

It is worth noting that a natural target when organising monitoring is the provision of access to
relevant information. This is the case when the monitoring activities are carried out ex ante (definition
of some limits to the behaviour of the manager of the funds at the beginning of the control period) and
ex post (assessment of the behaviour of the manager at the end of the control period). From this point,
another feature of monitoring important to notice is that this activity is carried out ex ante and ex post
when the specific body is specialised. Conversely, monitoring is handled ex post only when the
supervisor body is not specialised. Therefore, the supervisor is not submitted to the same information
constraints as it will be emphasized later.
2.2

Current Funding Mechanisms

Funding arrangements applied in OECD countries represent a range of different approaches
between the two extremes of an external mechanism as applied e.g. in Sweden and a internal
mechanism as applied e.g. in France. Current mechanisms fall into three basic categories: internal non
segregated mechanisms, internal segregated mechanisms, and external mechanisms. These
mechanisms can be distinguished regarding some relevant functions from an organisational point of
23.

By the way, we have not notice implementation of both ex ante an ex post, control in the Finish and
Italian system.
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view. These are, 1° the collection of funds, 2° the responsibility of the management of the funds and,
3° the organisation of the monitoring activity.
2.2.1 Internal Non-segregated Mechanism
In this model, operators are individually responsible for collection of financial resources. They
are also responsible for the management of those resources. The funds are shown among the
provision for liabilities in the company’s balance sheet. It could be shown as well in a statutory
account. Operators own/control the funds and are also responsible for financing the ongoing
decommissioning operations if any. On the monitoring side, this model is characterised by nonspecialised supervisor and thus by ex post monitoring activity. This model is actually the dominant one.
A recent study carried by the NEA shows that in nearly 50% of the countries, the operators hold the
funds24.
2.2.2 Internal Segregated Mechanism
Regarding the collection of funds and the organisation of monitoring, internal segregated
solutions have the same features as internal non-segregated mechanisms. In contrast, the management
of the funds in internal segregated mechanisms rest on a different rationale. In this mechanism, the
NPP owner also own a trust into which it contributes money for the purpose of decommissioning
funding. The funds are managed by a separate body and this is supposed to be done without the NPP
interference. However, there is no guarantee of the absence of conflict of interest despite the
unbundling rationale. Therefore, this mechanism can be seen as an internal non-segregated mechanism
with a generalised statutory account. This solution is applied in the UK for British Energy.
2.2.3 External Mechanism
In this model, the responsibility of collection may be assigned to operators or to an
independent body, as it is the case in Spain with the Comision National de Energia. The main
characteristic of this model is the delegation of the responsibility of the funds management to a
private or public independent entity (a fund). Indeed, this ad hoc entity controls the funds and is
responsible for financing the ongoing decommissioning operations. Generally, public independent
entities are unique and centralised (Finland, Sweden, Switzerland) whereas private independent
entities are not. In the USA for example, external sinking funds are required for those NPP owner who
collect D&D funds through electricity rates.
On the monitoring side, external mechanisms are characterised by the existence of a specialised
supervisor. Therefore, the supervisor influences ex ante the investment choices of the manager of the
funds and evaluates those choices ex post.
It is important to mention the role of the national legal framework on the selection of a type of
mechanism. While some countries do subject the type of funding mechanisms to legal requirement,
other does not. In that case, the legal framework only emphasizes the fact that appropriate measures
should be taken to ensure the constitution and the availability of decommissioning funds. Current
funding mechanisms in OECD countries are given in the table below.

24.

See [9].
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Table 5:

The variety Funding Mechanisms in some OECD member countries

Countries

Is the type of
mechanism subject
to legal obligation?

Funding Mechanisms
Internal Nonsegregated

Internal Segregated

External

Belgium

Since June 03

Before June 03

Canada

No

With guarantee

Finland

Yes

France

No

With a statutory
account

Germany

No

No statutory
account

Italy

Yes

Japan

No

No statutory
account

South Korea

No

No statutory
account

The
Netherlands

No

No statutory
account

Spain

Yes

Public body since
Yr 1984

Sweden

Yes

Public body

Switzerland

Yes

Since Yr 1984

UK

Yes (for the NDA)

USA

Yes

Since June 03
Public body

Public body
since Yr 2000

With a statutory
account Prior July
2002 for BNFL

Since 1996 for
British Energy

Since July 2002 for
BNFL & UKAEA

Trust funds

External Sinking
funds

Source: NEA’s Compilation of national fact sheets (last updated: 28 September 2004), see
www.nea.fr/html/rwm/wpdd/welcome.html

2.3

The combination of D&D funds control and of liabilities responsibility

The above mentioned differences in the design of funding mechanisms should not obscure the
fact that those mechanisms are set up with a common objective which is to serve as a secure source of
funds for the D&D operations. In fact, two responsibilities are involved in the decommissioning
process. The first is to raise and/or manage the funds. The second is to own the liabilities or to be
entitled to do so by the legal framework. Therefore, another point where the variety of practices can be
stressed is the way according which these responsibilities are brought together in national framework.
The issue here is how to organise the responsibility of D&D operations and that of funds
management? Should they be borne by the same actor or should they be handled separately and in this
case, how the relationship between both responsibilities should be defined?
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According to the NEA 1996 report, there is no single way to couple the responsibility of D&D
operation and that of management of the D&D funds. The various scheme stressed by that report fall
in three categories. The first two are the extreme categories and the third one is in between:
1.

The first category consists in putting both responsibilities in the hand of a central public body
which is also external vis-à-vis NPP operators. This is the case in Spain where ENRESA
manages the funds and bear the responsibility of proper realisation of D&D operations. It is the
case as well in Italy with SOGIN and in the UK where the NDA will carry both responsibilities
for the publicly owned NPP;

2.

The second category consists in putting both responsibilities in separate and decentralised
hands. In fact, the NPP operators are responsible of both the management of the funds and the
realisation of D&D operations. This scheme is the most applied.

3.

The third category is between the two previous. In fact, some countries have developed specific
relationship since the responsibility of funds’ management/control is put in the hands of a
central public body also external vis-à-vis NPP operators while the D&D operations
responsibility remain to NPP operators. This scheme is found in Finland, in Sweden and in
Switzerland. Belgium has introduced this type of arrangement since June 2003. But it differs
from the Swedish or Finnish solution by the fact that SYNATOM which will be the central and
external manager of the funds is also a subsidiary of the NPP operators.
Table 6 presents a sum-up of the choice made by OECD countries.

Table 6: The combination of D&D fund’ control and of liabilities responsibility in some OECD member
countries

D&D Liabilities responsibility

D&D Fund’s Management/Control

Centralized
Centralized

Decentralized

•
•
•

Spain
Italy
UK (for BNFL &
UKAEA)

-

Source: suggested by NEA (1996)
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Decentralized
•
•
•
•
•
•
•
•
•
•
•
•
•

Belgium (since June 03)
Finland
Sweden
Switzerland
Belgium (before June 03)
Canada
France
Germany
Japan
South Korea
The Netherlands
UK (for British Energy)
USA
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3.

COMPARISON OF CURRENT FUNDING MECHANISMS

The variety of funding mechanisms raised another concern which is about their respective
capacity to offer an effective management of the funds. One way to cope with this concern is to
examine their respective strengths and weaknesses. We need for that to rely on generally agreed
principle. We also need to define some relevant evaluative criteria.
Throughout the civilian nuclear industry, it is admitted that an effective management of
decommissioning funds should ensured their availability when needed25. But what does this means
actually? Availability of funds can be seen as an objective of protection of funds. Then, the subsequent
question is protection against what? As mentioned above, the duty of the manager of the
decommissioning funds is to invest those funds. This is a risky activity. Therefore, the availability
principle is a matter of avoiding financial insecurity. That is to say a high degree of confidence exists
that the necessary funds will be available when needed regardless of changing economic conditions.
For this objective to be achieved, the value of the funds needs to be less sensitive to worse economic
conditions. From this point, we need to define some relevant criteria that will be considered in our
assessment of funding mechanisms.
3.1

Evaluative Criteria

How are decommissioning funds exposed to financial insecurity? The answer of this question
allows us to identify some evaluative criteria of the sensitivity of the value of the funds to changing
economic conditions. Given the electricity deregulated context, these criteria are the exposure of the
funds to electricity price volatility and to stocks price volatility.
•

•

The new electricity context is characterised by deregulation26 and electricity price volatility. In
this context, electricity price are set by market conditions rather than through rate base. Because
market conditions always change, so it is for the electricity price. In fact, volatility may range
from the price of the more efficient base load power plant to that of the less efficient peak load
power plant 27 . Because price volatility affects cash-flow and thereby the reputation of the
company with investors, it can be a driver of financial insecurity of decommissioning funds28.
The new electricity context is also characterised by privatization and market valuation of the
economic performance of electricity market players. This is to say stock market evaluates and

25.

See [9] & [11].

26.

Three main organization changes associated with deregulation are 1° consumer freedom of choice, 2°
new business models and, 3° new market design (see [4] & [5]). Regarding markets, they can be bilateral
Over The Counter market (OTC), spot market or balancing market. Neither the different markets have
necessarily the same set of rules, nor they imply the same customer portfolio and the same power plant
flexibility.

27.

Regarding the UK experience, base load prices failed by 20% and peak load prices by 27% from 1999 to
2002. In California, price increase by more than 90% from 1998 to year 2000. See www.ofgem.gov.uk
for UK and www.energy.ca.gov for California. According to the 2002 annual report of Powernext, the
French power exchange market, volatility on baseload prices has been running at nearly 900% on a daily
basis since November 2001 when Powernext started operation. Approximately, volatility was 700% on
Germany’s EEX and 1800% on the Netherlands APX.

28.

The exposure of the company to price volatility depends on its business models. Several business strategy
have emerged in the deregulation era. These are Merchant generator model, Power marketer/trader model,
Retail business model. Business model determines among other things, 1° the consumer portfolio, 2° the
type of assets, 3° the regulatory regime of the electricity business.
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sanctions those performances. In a context of price volatility as mentioned above, one should
expect uncertainty in NPP operator revenue, and consequently a high sensitivity of electric
assets valuation to electricity price. Though the impact on assets valuation is a short–term one, it
could persist across time because of the correlation between successive economic performance29.
Therefore, stock price volatility (for electricity production utilities) could be beyond the stock
market indexes with generally ranges from 10% to 20%30. The stock market volatility is a driver
of financial insecurity, especially in a context of volatility of electricity market price.
To conclude, the new electricity context implies that the robustness of the funding mechanisms
offered by the monopoly and vertical integration model cannot be longer observed. Because funding
mechanisms could be impacted in the deregulation context, it is of interest to compare the robustness
of existing funding mechanisms according to the above-mentioned drivers of financial insecurity.
3.2

Respective Merits of Current Funding Mechanisms

The harmful effect the deregulated electricity context may exert on the value of
decommissioning funds depends on the features of the design of funding mechanisms. Because no
institution will last forever, a complete protection of funds is not possible to attain. However, a better
protection can be achieved if funding mechanisms are prepared to face the drivers of financial
insecurity mentioned above. For these reasons, we will consider two relevant properties of funding
mechanisms in this respect. These are 1° the visibility of the funds and, 2° the monitoring activity.
Both are a matter of information as will be emphasized below. Let us evaluate the respective merits of
different funding mechanisms according to those properties and to protection against financial
insecurity.
3.2.1 Evaluating the visibility of decommissioning funds
The visibility of decommissioning funds is closely related to the way in which those funds are
treated from an accounting point of view. The question here is whether or not a clear-cut separation
exist between the funds and the other company’s assets. Visibility implies that the funds be
identifiable.
It appears that this condition is not observed by internal non-segregated mechanisms. This is
because in this mechanism, the decommissioning funds have a status of cash-flow. Regarding
accounting standards, the information given in the balance sheet (assets and liabilities) are not reliable
from the funds visibility point of view. It appears that the funds cannot be identified unless the
company’s permanent assets are split up for information purposes. For these reasons, the visibility of
funds is less clear despite the existence of a statutory account in some cases.
Because of its unbundled rationale, the internal segregated mechanisms offers a better
visibility of funds. This is the case as well for external mechanisms within which the management of
the funds rests on a legal separation principle.
3.2.2 Evaluating effectiveness of monitoring activity

29.

The situation of British Energy offers a good illustration of the persistence of past economic performance
shocks on actual stock price. Despite the amelioration of the performance of British Energy, its stock
price have not experience a similar amelioration testifying that the issue is much more complex.

30.

In UK for example, electric assets value decreased by 50% in 2002 in comparison of their value of 1999
due to wholesale prices decline (see [15] ).
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The effectiveness of the monitoring activity supposes an oversight of risks taken in the
management of the funds. In fact, several investments strategies with different level of risk do exist.
The funds could be invested in very low risk investment as government bonds for example that
typically pay a real rate of return of only 2-3%. This strategy reduces the risk that the value of the fund
will be lost31. The funds could also be invested in more lucrative investments (for example, equities or
investments in stocks). In that case, the corresponding risk is higher and there could be a shortfall if
the investment returns are over-estimated. The crucial question regarding D&D funds management is
whether or not the supervisor influences the investment strategy. This perspective depends on the
information constraints he faces. One way to assess those constraints is to look at the organisation of
monitoring activity. In fact, organization may or may not allows the supervisor to define investment
strategy of D&D funds.
We can expect a higher level of information constraints when the supervisor is not specialised.
A non specialised supervisor provide periodical review and statement of D&D funds management.
This is to say the supervisor only observed the results of the actions taken by the manager of the funds.
Therefore, we can consider that the behaviour of the manager of the funds is hidden and that the
supervisor faces a moral hazard situation32. Conversely, we will expect a low level of information
constraints when the supervisor is specialised. In fact, a specialised supervisor influences the
management strategy of the funds. He defines the strategy ex ante and assesses the corresponding
outcome ex post.
Differences in the oversight of D&D funds management suggest that we can expect monitoring
activity to be more effective when the supervisor is specialised compare to a non specialised situation.
Therefore, external mechanisms may offer a more effective monitoring activity compared to internal
non-segregated mechanisms and to internal segregated mechanisms. In the latter mechanisms, the
supervisor faced substantial information constraints.
3.2.3 Evaluating exposure to financial insecurity
Financial insecurity is a matter of sensitivity of the value of the funds to electricity market price
and stock price risks. As stressed above, the question here is whether or not prices volatility have an
impact on the value of the funds. In fact, taking risk is valuable only if appropriate measures to cope
with risk exist.
In an internal non-segregated mechanism, the owner of the NPP is also the manager of the
funds. This solution may have the advantage of creating incentives for certain kinds of behaviour over
time. In fact, the NPP owner mainly transforms decommissioning funds in long-term permanent assets.
This is to say the provisions are rebuilt up in the operation of these companies. Only a small part of
funds is carried by a statutory account dedicated to decommissioning if any 33 . Therefore, this
mechanism rest on the assumption that operational revenue will continue to generate financial
resources to finance the liabilities when needed. Because the investment strategy is mainly to put the
money in electric assets, this mechanism is not flawless since the value of the decommissioning funds
31.

See [13].

32.

Moral hazard is often called the agency problem and then identify with the Principal-Agent model by
economists. A moral hazard situation arise when the principal (let say the supervisor in our example)
only observes the outcome of the action taken by the agent (the manager of D&D funds in our example).
Obviously, the outcome is an imperfect signal of the action taken.

33.

See for example the EDF’s account Titres Immobilisés de l’Activité de Portefeuille., or BNFL’s account
Nuclear Liabilities Investment Portfolio.
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is linked to the economic performance of the NPP owner: D&D funds are exposed to electricity
market price volatility and thereby to stock price volatility. But the business model can diminish the
exposure to these risks if appropriate.
Internal segregated mechanisms can be seen as offering a better protection against financial
insecurity. In this mechanism, the money is set aside in a trust fund own by the NPP owner. The funds
are dedicated so that they cannot be used for a purpose other than decommissioning. This argument is
appropriate in normal circumstances only. In the case of financial distress of the NPP owner, a conflict
of interest may occur because the NPP owner also owns the trust fund. Thereby, a worse financial
situation may expose the decommissioning funds to financial insecurity.
In external mechanisms, the funds are managed via a legally separate body. This principle
ensures a good visibility to the funds. It also implies that the funds remain outside the control of the
NPP owner. Furthermore, the investment strategy is validated ex ante and evaluated ex post by a
specialised supervisor. Because investment strategy is very restrictive as e.g. in Spain34, the value of
decommissioning funds is protected from financial insecurity which origin is electricity price volatility.
The table below summarises the respective merits of funding mechanisms. For each funding
mechanism, we consider the elements of design which could prepared to face worsen economic
condition of if well-tailored. These are, 1° the visibility of funds, 2° the monitoring activity features
and, 3° the constraint upon the manager behaviour. Given the observed design, we consider the
potential sensitivity of the value of the funds to changing economic conditions, then we conclude on
the degree of protection of the funds offered by each mechanism.
Table 7:

Respective capacity of Funding Mechanisms to provide availability in a risky context

Criteria
The design of Visibility of funds
the
mechanism Supervision features

Behaviour of the
manager
Sensitivity of D&D
Protection
from financial funds to electricity
market price
insecurity
Sensitivity of the
D&D funds to stock
market valuation
Conclusion on the degree of financial
insecurity in a deregulated electricity
context

34.

Funding Mechanisms
Internal Non-segregated Internal Segregated
Restricted to the statutory
Guarantee by the
account if any
unbundling rationale
Ex post
(the supervisor is under-informed
Unconstrained investment behaviour

External
Guarantee by the
legal separation
Ex ante & Ex post
The supervisor is
well informed
Constrained
investment
behaviour

High

No (in case of good
performance of the
NPP owner)

No

High

Possible

No

High

No general response.
Financial situation of
the NPP owner
matters

Very low

In this country, the investment of the funds is limited to Spanish State bonds Spanish, to credible foreign
State bonds and to the equity of some large companies.
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4.

CONCLUSION

This paper has reviewed the current D&D funding mechanisms in OECD countries. The paper
has shown that those mechanisms are varied regarding their design. It has also appeared that the
responsibility of management/control of the funds in the one hand and the legal responsibility of
decommissioning are articulated differently.
Given the variety of design, the paper has assessed the respective strength and weakness of the
current funding mechanisms in a deregulated context. In fact, the duty of the manager of the funds is
to invest those funds and to ensure their availability when needed. Because there is no investment
without risk, the paper has stressed the financial insecurity to which the funds may be exposed in a
deregulated context. Some main conclusions of this assessment are the following:
A better protection of funds in a deregulated context supposes a ring fence between the value of
the funds and the deterioration of the economic and financial situation of the nuclear power operator.
This objective is subjected to information constraints. Given financial insecurity drivers in a
deregulated electricity context, at least two properties of the design of funding mechanisms are
necessary to overcome the information problem and to achieve an effective protection of funds.
First of all, the funds need to be visible or identifiable. In this respect, fund management
effectiveness regarding availability purpose is linked to the status of the manager. In fact, visibility is
higher when the responsibility of management is separate from the responsibility of operation of the
nuclear power company. In fact, the accounting treatment of the provisions for liabilities has
significant consequences on the visibility of funds. This can threaten the availability of funds in a
deregulated context.
Secondly, the monitoring of the funds’ management needs to be appropriate regarding
transparency and protection against financial insecurity brought by the deregulated electric context.
The best way to do this is to explicitly delineates what the decommissioning funds can be used for and
finally how the funds are to be managed. Given information constraints, it appears that the protection
of the funds is better ensured when the monitoring activity rests on specific and well-tailored
organisation. Generally, such organisation are observed when outsourced management solution
prevails.
Finally, the paper suggests that internal non-segregated mechanisms does not provide a high
degree of financial security as putting the management of the funds needed to cover decommissioning
expenses in the hands of a separate body.
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FINANCIAL RISKS IN MAJOR INVESTMENT PROJECTS

Esbjörn SEGELOD
Mälardalen University, Sweden
We have probably all read about large projects which proved far more expensive than
anticipated, projects such as the Channel tunnel which cost 80% more than planned, and the oil
pipeline between the oilfield in Prudhoe Bay in Northern Alaska and the oil terminal in Vadez in the
south which overran its budget by 1,000%.
The purpose of this paper is to summarise our knowledge of the risk of cost escalation. Which
projects are more likely than others to be hit by cost escalation, and why?
Table 1 shows the average cost overun for a few studies of =large construction projects. Figures
within brackets are in constant money value. Cost overrun is the norm. A review of 35 studies of
groups of large projects by Morris and Hough (1986) did not identify a single instance in which the
groups of projects concerned on average had become less expensive than anticipated. This allows us to
assert that:
P1

Cost overrun between decision and follow up is more common than cost underrun.

Table 1.

Cost overrun according to five studies of groups of large construction projects

Study
Hufschmidt &
Gerin (1970)

Number of
projects

Average cost overrun

103
128
54

+177%
+72%
+9,4%

182
184
68
34

+124,1%
36,1%
-0,2%
-5,3%

49

+38%

Highway projects
Building projects
Rapid transit projects
Ad hoc project
All projects

49
59
17
15
189

+26%
+63%
+54%
+114%
+59%

British offshore projects

-

+179% (+146%)

Type of project
Bureau of Reclamation
Projects -1955
Projects 1935-1960
Projects 1946-1960
Corps of Engineers
Projects -1951
Projects 1933-1965
Projects 1954-1960
Tennessee Valley Authority

Merewitz
b)

NED (1980)

(1973a,

Water resource projects
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Norwegian offshore projects
GAO (1983)

Flyvbjerg
(2002)

et

-

+178% (+148%)

244
200

+127%
+92%

Railway projects

58

(+44,7%)

Bridges and tunnels
Road projects
All projects

33
167
258

(+33,8%)
(+20,4%)
(+27,6%)

US public military projects
US public civilian projects
al.

Figure 2 shows the distribution of cost overruns for the 193 major U.S. infrastructure projects
which Merewitz (1973b) have listed in his article. The graph forms a typical distribution with a
positive skewness. Most projects come out close to zero or with a small cost overrun while a
few show very large overruns. Those most seriously affected are what Merewitz termed ad hoc
projects, i.e. unusual, seldom implemented projects such as research and sport facilities, unique
public buildings and establishments, projects for which no prototype existed.
P2

Cost overrun tends to be larger for unique, seldom implemented projects.

Figure 2.

The size and frequency of cost overrun in 193 major U.S. infrastructure projects

It is not uncommon to claim that large projects are often affected by cost overrun, although
studies of groups of similar projects show that the opposite is often the case (Hufschmidt &
Gerin, 1970; Mansfield et al., 1971, 1972; Segelod, 1986; Odeck, 2004; Flyvbjerg, 2004).
Calculated as a percentage small projects vary more than large ones.
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P3

Calculated as a percentage the deviation in cost between decision and follow-up
varies more for small than for large projects.

Summers (1967), Hufschmidt & Gerin (1970), Merewitz (1973a, b), Segelod (1986) and
Federle & Pigneri (1993) all found a connection between cost overrun and the duration of the
implementation of the project. The longer it takes to implement a project the greater the
modifications of the original plan tend to be, viz. the adaptation of the project to changing
market demand, new standards and new technology. However, the incurred cost cannot be
completely recovered so that the final cost is increased by the number of modifications which
prove necessary (Giguet & Morlat, 1952), and to make changes becomes progressively more
expensive as the project approaches completion. Perhaps this is why the frequency of cost
overrun, as in Figure 1, often shows a positive skewness.
P4

The longer the interval between estimate and follow-up the larger the cost overrun
tends to become.

This also means that projects which experience cost overrun often also show deviations on the
market, product side and the technical solutions chosen.
P5

There is often a covariance between cost and time overrun, as well as other types of
deviations between plan and outcome.

R&D projects have shown a tendency to escalate. Therefore, U.S. economists already in the
1950’s started to study the reasons for cost escalation in military aircraft and missile projects.
They soon discovered that cost overrun correlated with advances in technological development
(Marshall & Meckling, 1962; Summers, 1967), a result which was later confirmed to apply also
to pharmaceutical products (Mansfield et al., 1971, 1972) and R&D projects within the
engineering industry (Svensson, 1990).
P6

The greater the advance in technical knowledge the larger the cost overrun.

The reasons for cost escalation are the same as for construction projects. To make an estimate
the estimator must start from a design. He does so and adds on a lump sum for contingencies.
But as technical advances are required unforeseen problems may arise, and the longer the
development time the more the available technology and market demand change. This means
that new drawings must be produced upon which new cost estimates can be based.
There is much research showing that humans tend to underestimate the time and cost of what
they plan to do. We speak of an optimistic bias. Such over-optimism has been confirmed to
exist in a number of areas, e.g. capital investment decisions (Stateman & Tyebjee, 1985),
market forecasts (Mahajan, 1992), venture capitalists (Zacharakis & Shepherd, 2000), and
entrepreneurs starting up new businesses (Hornday, 1982; Cooper et al., 1986; Egge, 1987).
Research also shows that we tend to have more confidence in our estimates than is reasonable
(Bazerman, 1990). Furthermore, corporate managers are aware of, and adjust for, the optimistic
bias in the investment requests they have to assess (Pruitt & Gitman, 1987). It is sometimes
difficult to know whether estimators deliberately, or unconsciously, underestimate the time and
costs to raise funds or promote their interest. Anecdotal evidence (Segelod, 1986; Pruitt &
Gitman, 1987; Wachs, 1989, 1990; Flyvbjerg et al., 2002) gives example of both deliberate and
unconscious underestimates.
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P7

Estimators, and especially entrepreneurs, tend to underestimate the real time, cost
and resources needed to implement the projects they wish to complete.

When the budget is limited and two, alternative, projects are competing for funding, the one in
which the cost is underestimated stands a better chance of being approved. Gaspar & Leite
(1989/90) and Pickrell (1992), among others, argue in favour of this maxim postulated already
by Giguet & Morlats (1952).
P8

Projects in which the cost is underestimated tend to stand a better chance of being
funded, than competing projects.

Hufschmidt and Gerin (1970) found that the Tennessee Valley Authority made more accurate
estimates than the Corps of Engineers and the Bureau of Reclamation. His explanation was that
all cost estimates in TVA were produced by a small staff with long experience of costing, while
investment appraisals were decentralized in the other two organizations. The fact that the
accuracy of cost estimates varies considerably between different organizations was confirmed
by Mansfield 1971 et al. (1971), Svensson (1990) and Federle & Pigneri (1993).
P9

Cost overrun is more common in some organizations than in others.

Considering how fast our knowledge about construction projects is growing, and how easy it
has become to search for information it is reasonable to assume that cost overrun is less
common today than in the past. Hufschmidt and Gerin (1970) and Summers (1967) found that
cost estimates for new power plants, military aircraft and missiles had become more accurate,
but Flyvbjerg et al. (2002) discovered no improvement among infrastructure projects in the last
100 years.
P10

Cost estimates produced today are not always more accurate than estimates of
similar projects made in the past.

We began by referring to the Trans-Alaska oil pipeline which was estimated to cost $863
million at the time the decision to invest was made but actually cost $9,300 million. An
enormous cost escalation but still of minor significance as the Alaskan oil venture was expected
to yield a yearly profit of $44-100 billion (Hauck & Geistauts, 1982). The fact that the project
has encountered cost escalation does not necessarily mean that it will prove unprofitable in the
long run.
We should also remember that many profitable investments in radical innovations (Freeman,
1974), new ventures (Segelod, 1995) and important infrastructure investments (Sayer, 1952)
would never have been undertaken if their true cost had been known when the decision to invest
was made. In this perspective an underestimation of the real problems and costs has often
proven to be a precondition for industrial renewal and economic growth.
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Uncertainties affecting fund collection, management and final utilisation35

Olof Söderberg
Board of the Swedish Nuclear Waste Fund
Abstract
The paper presents, on a general level, major uncertainties in financing systems aiming at
providing secure funding for future costs for decommissioning. The perspective chosen is that of a
fund collector/manager.
The paper also contains a description of how these uncertainties are dealt with in the Swedish
financing system and particularly from the perspective of the Board of the Swedish Nuclear Waste
Fund. It is concluded that existing uncertainties are a good reason not to postpone decommissioning
activities to a distant future. This aspect is important also when countries have in place financing
systems that have been constructed in order to be robust against identified uncertainties.

1.

UNCERTAINTIES IN FUNDING FOR DECOMMISSIONING36

1.1

Areas of uncertainties

In accordance with the ethical principle of intergenerational fairness, future costs for
decommissioning of nuclear power plants (NPPs) should be borne by the generations that have
benefited from the primary, producing activity. Such an approach leads to the conclusion to set aside,
during the productive lifetime of NPPs, sufficient financial resources (funds) to cover costs in the
future. These funds should be available, when the moment comes, to cover upcoming costs for
decommission nuclear facilities, remediate sites, and manage the associated wastes. A liability for
future generations would exist if such resources are not allocated – or the resources are found to be
insufficient.
But is it possible to ensure that ‘sufficient’ resources are set aside? And who decides what is
‘sufficient’? 37

35.

S. Gordelier (United Kingdom Atomic Energy Authority), V. Massaut (SKC-CEN, Belgium), F. Tchapga
(PhD Economics, GRJM-ADIS-Université Paris 11, France) and E.Warnecke (Federal Office of
Radiation Protection, Germany) have reviewed drafts of the paper and contributed valuable comments.

36.

The same uncertainties are in principle also applicable in funding for future disposal of high-level
radioactive waste and spent fuel.

37.

Setting aside financial resources for future use can be done as internal funding in the accounts of the
producer or as external funding. External funds can be managed by operators or by bodies independent
from them.
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One way of coping with this problem is to identify possible uncertainties in a systematic way
and analyse what can be done to eliminate them – or at least reduce them as much as reasonably
achievable. A similar approach as is used as a basis for the well-known ALARA-principle (established
within the field of radiation protection) seems to be applicable also for handling uncertainties with
regard to funding for future decommissioning!
For the purpose of this presentation, it seems helpful to distinguish between uncertainties within
four areas. Thus, the uncertainties could regard:
•
•
•
•

The accuracy of the cost calculations forming the very basis of any fund system
The inflow of resources into a fund system.
The management of resources within a fund system.
The time factor – when will calculated costs occur?

The fact that these four categories of uncertainties at the same time are interdependent of each
other complicates the picture even more.

1.2

Uncertainties regarding the accuracy of the cost calculations forming the very basis of any
fund system

A good illustration of existing uncertainties of this kind can be found in the NEA report
Decommissioning Nuclear Power Plants – Policies, Strategies and Costs (2003). In this report it was
concluded that at least the following nine aspects had significant effects on decommissioning costs (p.
10 – 11):
•

The end state of the facility after decommissioning (e.g. green field, long-term stewardship
of some facilities, site reuse for other industrial or nuclear purposes);

•

The national policy, and site-specific application, of site release criteria;

•

The inclusion of waste disposal costs – totally, partially or not at all – in the
decommissioning scope and cost estimates;

•

The manner in which waste arising from decommissioning is classified, in terms of whether
or not radiologically regulated disposal is required;

•

The assumed costs for waste disposal, recognising that no country reported having operating
disposal facilities for all types of waste that would be generated by decommissioning
processes;

•

The decommissioning strategy option assumed for costing purpose (e.g. longer or shorter
safe-store periods and choice of decommissioning end point);

•

The national labour costs that were assumed;

•

Social and political factors, such as the decision to decommission very rapidly, or to release
sites only to very stringent radiological criteria;

• Uncertainties in the estimates and their treatment in cost models.
In addition to these general aspects that affect costs, the study also identified several physical
characteristics of the power plant considered that were also significant cost drivers:
• Type and size of the reactor.
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• Number of units on the site.
• Operating history of the plant; and
• The amount of waste assumed to be generated.
The best way of handling uncertainties of this kind seems to be the constant development of
cost estimations based on continuous learning from different decommissioning projects that have been
successful or less successful with regard to projected and actual costs.

1.3

Uncertainties regarding the inflow of resources into a fund system

There are two possible principles to collect reserve funds for decommissioning. One is paying
the projected costs in advance (‘prepayment’). This means setting aside financial resources before a
reactor is allowed to start. The second principle is building up the funds gradually. Since
decommissioning costs are components of total costs for nuclear-generated electricity, the financial
resources are in both cases finally borne by consumers through electricity rates.
If a model with prepayment is chosen, there is no uncertainty regarding the actual inflow of
resources into the funding system. The use of this method would, however, require that
decommissioning costs for the project could be reasonably well estimated before the facility has been
built, or at least before nuclear activities in the facility have been permitted to start. This requirement
is obviously difficult to meet (cf. section 1.2). So even if a system of prepayment were theoretically
feasible, it would probably have to be supplemented by a mechanism allowing for later adjustment of
the reserve.
A gradual build up of reserves can be constructed in different ways. Common practice is to set
aside a certain amount per produced (or delivered) kWh of nuclear-generated electricity. This means
that the building of the reserves is closely linked to the production of nuclear power and that
consumers of nuclear power have to settle the final bill through the prices they pay. In some countries
the build up of reserves is made by setting aside a certain amount per sold kWh of all electricity. This
means that the collective of electricity consumers have to carry the costs for decommissioning of
nuclear power production.
Any system for gradual build up of reserves has to be based on basic assumptions concerning
the commercial lifetime of the NPP, or concerning a shorter ‘earning-period’ during which resources
to cover all future costs should be collected. From an assumed time-period it is possible to assume the
size of the production (expressed as the volume of produced or delivered KWh or TWh) from a certain
reactor. And from this assumption it is possible to arrive at a certain amount per kWh that should be
set aside. But how certain are the assumptions of a certain total production? Which resources will be
accumulated in the case of a major interruption of the operation of a NPP?
One way of reducing this uncertainty is to provide for regular reviews of basic assumptions on
total or annual production from the NPPs. Such reviews are important, as basic assumptions on future
production form one of the bases for calculating the amount per kWh that should be set aside.

1.4

Uncertainties regarding the management of resources within a fund system

Management of collected funds is necessary because the physical activity of decommissioning
results in costs that will occur much later than the resources are collected.
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What is a reasonable target for managing such funds? In the first place, funds should be
managed to ensure that the real value of collected resources is kept. In an economy with inflation –
which is the case in almost every country – this means that management should ensure that the
collected resources at least grow at a rate that corresponds to inflation (measured one way or another).
A more ambitious – but still feasible – goal for fund management is to ensure that real value is added
to these resources before they have to be used for their purpose. Resources set aside to cover future
costs should be used for productive purposes in the economy (investments) before they have to be
spent for the intended purpose.
Capital that is managed in order to provide a return is exposed to different financial risks. The
exposure and risks in the investment activities are to be clearly measured and followed up by applying
generally accepted financial market methods. The following is a brief description of these risks:
•

Inflation risk is the risk that inflation exceeds the return on the collected capital, resulting in
negative return in real value.

•

Market risks are the risks that the value of the collected capital varies due to developments
on the financial markets.
o
o

Stock-market price risks are the variations of market value of shares. Experience
shows that the value of shares varies greatly from time to time.
Interest risks are the changes in the value of interest-bearing securities, which arise
when the market rates rise, or fall. The impact is determined by the maturity. A longer
maturity will result in a greater value change in connection with a given market rate
change. Interest rate risks can therefore be reduced by limiting the maturity. The
measure applied to interest rate risk is usually the duration. In order to limit the
interest rate risk, a duration limit is usually established.

• Credit risks comprise issuer risks and counterparty risks.
o Issuer risk is the risk that the party issuing a promissory note will not pay the interest
and repay the principal on the due date.
o Counterparty risk is the risk that a counterparty, in connection with a purchase or sale,
will not be able to fulfil his obligations in connection with the settlement of the
transaction. Counterparty risks can be limited by establishing firm rules for how
transactions should be carried out.
•

Liquidity risk is the risk that, due to the market situation, a security cannot be sold at the
desired time, at the desired price and/or at the desired volume.

•

Currency risk is the risk that certain costs are to be paid in foreign currencies and thus be
influenced by possible unexpected variations in currency exchange rates.

•

Administrative risks can arise due to deficient routines concerning how transactions are to
be conducted, confirmed, controlled, registered, accounted for etc.

These types of financial risks are the same in all kinds of capital management, for instance in
the case of managing pension funds. It is necessary to establish a balance between the expected return
on capital investments and the risk the manager is willing to accept in order to obtain that return.
Generally, a higher risk may result in a higher return. Based on such a balancing point, it is possible to
establish which sort of assets the fund capital can be allowed to be invested in.
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There remains, however, one uncertainty of major potential importance. This uncertainty is
difficult to address. The reason is that this uncertainty is not particularly the business of a fund
collector/manager but rather the business of all actors in a community that has established a funding
system.
This uncertainty concerns the possibility that the legal rules forming the basis for a financing
system are changed in a way that undermines the whole idea. A condition for a sound long-term
funding system is no doubt a certain economic stability. Theoretically, a nation might get into such
deep economic difficulties that existing legislation is changed to allow the use of collected funds for
other purposes than originally intended.
Also the possibility of misuse of funds by criminal actions, or total loss of funds due to e.g.
warfare, is a possibility.

1.5

Uncertainties regarding the time factor – when will calculated costs occur?

Apart from keeping – and preferably increasing – the value of a fund, a fund manager’s second
duty is to have the assets available when needed for their purpose, e.g. to cover future costs. This
means that the management of a fund includes careful liquidity planning.
But a successful liquidity planning is dependent on reliable forecasts concerning when major
costs will occur. For a capital manager it makes a big difference when considering different
investment options if the invested asset should be available for costs that have to be paid within 5-10
years from now or from 30 years from now. Uncertainties regarding this time factor will inevitably
result in less well-informed investment decisions.
Uncertainties regarding the time factor depend largely on the kind of decommissioning strategy
or decommissioning policy38 that has – or has not – been adopted in a country. A fund manager might
not be able to influence decisions on decommissioning strategy or decommissioning policy – but
should ensure a good knowledge of the implications of chosen strategies and policies within this field.

1.6

The interdependency between major uncertainties

So far, major uncertainties have been identified within four areas. At the same time there is
interdependency between these uncertainties. The need for inflow of more resources is dependent of
how resources that have already been collected are managed, of the availability of high quality cost
estimations and of the uncertainties associated with the predictions when the resources are needed.
Uncertainties regarding the time factor affect the investment decisions and thus the results of fund
management.
Given the existence of uncertainties with regard to inflow of resources, to cost calculations and
the time factor, it could be debated whether there are strong enough reasons to take any financial risks
at all in the management of the assets.
38.

The concepts of decommissioning strategy and decommissioning policy are used as explained in the
earlier mentioned NEA-study 2003. Thus decommissioning strategy refers to industrial approaches to
decommissioning, while decommissioning policy refers to government policy and includes all
governmental choices as described in laws, regulations, etc. that will influence the framework in which
decommissioning takes place.
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It seems as if the strength of this argument is highly dependent on the credibility of cost
calculations and of assumptions when calculated costs will occur. If cost calculations are based on
many uncertain assumptions and therefore have a low degree of credibility, it might be a good strategy
to manage the assets taking the lowest possible financial risks and expecting a very low return. It
should however be noted that different actors – the operators or a Government – might have different
views on the desired point of balance between risk and return in the managing of funds.

2.

HANDLING OF DIFFERENT UNCERTAINTIES IN SWEDEN

2.1

Background: Brief facts about the Swedish financing system

Main components in the Swedish financing system can be summarized in eleven bullet points.
An illustration of the system is attached as enclosure 1. For overviews of some key developments and
facts, see enclosures 2 – 7.
•

A fund is created by fees paid by the four producers of nuclear energy;

•

The size of the fees are decided by the Government based on cost predictions by the
producers (checked by a government authority, the Swedish Nuclear Power Inspectorate);

•

The four production utilities pay different fees, calculated on different projected costs, and
are considered to have different shares of the assets of the fund;

•

The size of the fee is decided annually based on cost calculations that the operators have to
present once a year;

•

The fund is administered by an independent government authority (the Board of the Nuclear
Waste fund). The owners of the nuclear power producers have a right to nominate a
minority of the board members – but once appointed by Government these board members
also have to work according to rules set up by the Government;

•

The producers of nuclear energy have a legal right to be reimbursed from the fund for their
expenses for future decommissioning (and for disposal of spent fuel);

•

It is the responsibility of the Board both to ensure an adequate return on the investments and
to ensure that money will be available when needed;

•

Investment rules are given in the legislation and allow investments only in bonds and
treasury bills issued by the Swedish state;

•

It is the responsibility of the Nuclear Power Inspectorate to decide which expenses are
entitled to be reimbursed to the nuclear operators from the fund;

•

The producers are entitled to a repayment, should there be a surplus in the fund, when all
legal obligations with regard to decommissioning and disposal of spent fuel have been
fulfilled;

•

To make the financing system more robust, it was decided in the middle of the 1990s that
the producers have to provide two types of guarantees to the State:
- Guarantee I is intended to cover a case where fees will not be paid to the Fund in the
event of an early reactor shutdown (calculations are based on a 25-year ‘earningperiod’);
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-

Guarantee II is being gradually built up and is intended to cover the lack of funds in the
event that the Fund balance, after all the reactors are shut down, should be found to be
inadequate to finance the expenses.

In principle this financing system has been in place since the early 1980s, even if important
changes have been made over the years.
It should be stressed that the fee is not a general taxation on nuclear power. Instead, it is a fee to
be paid to a Government authority as a basis for a government-administered separate financing system
that should produce the necessary financial assets to cover future costs. It should produce the
necessary financial means – but no intended surplus! It is in the interest of both the operators and of
the consumers – and also of the Government – that the fee is ‘correct’. And a ‘correct’ calculation of
the fee depends greatly on the accuracy of certain basic assumptions that have to be made.
The size of the fee is dependent on at least four major factors. All these factors contain
uncertainties and they are also interdependent of each other. These factors are:

2.2

•

Calculated future costs.

•

Assumptions on when future costs will occur.

•

Assumptions on future production of electricity from NPPs (amount of TWh and for how
long reactors will produce).

•

Assumptions on future return on capital already collected in the Nuclear Waste Fund.

Handling of uncertainties regarding the accuracy of the cost calculations in the Swedish
funding system

The legislation regulating the Swedish financing system has always contained provisions aiming
at securing a regular overview of cost calculations.
In principle, the operators should annually present their cost calculations on remaining costs for
decommissioning (and for disposal of spent fuel). These cost calculations are presented to the Swedish
Nuclear Inspectorate. As the cost calculations are used by the Inspectorate as one of the bases for its
proposal to the Government on the size of the fee during the coming year, the Inspectorate should
review the estimations in order to form its own opinion of whether estimates are realistic. Up to now,
the Inspectorate has only found reasons to question these calculations in minor details.
As a result of considerations in the middle of the 1990s about how to make the Swedish
financing system more robust, some new provisions were introduced in the legislation. According to
these provisions, the reactor owner must provide adequate guarantees to cover the lack of funds in the
event that the Fund balance, after all of the reactors have been shut down, should be found to be
inadequate to finance the expenses in connection with disposal of spent fuel and the decommissioning
of NPPs. These guarantees are called Guarantee II39 and are intended to cover the possibility that
certain measures prove to be more expensive than estimated, that certain measures must be adopted
earlier than intended or if the return on the capital should be lower than assumed in the fee calculation.

39.

About Guarantee I, see section 2.3.
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The Government decides the size and type of securities, which are to be accepted. The amount
of Guarantee II is being built up gradually. In 2003 the nominal value was 3.8 billion SEK,
corresponding to almost 13% of the value of the assets in the Fund (cf. enclosures 4 and 7). The Board
of the Nuclear Waste Fund has no responsibilities with regard to the making or reviewing of cost
calculations for decommissioning or disposal of spent fuel, but is the authority keeping the securities.
Matters about how the Government and its authorities should review the operator’s cost
calculations and about the system of securities are currently being considered by a Government
committee that will report its findings in late 2004.

2.3

Handling of uncertainties regarding the inflow of resources into the Swedish funding
system

The system of annual decisions on the size of the fee is one way of handling this uncertainty.
Based on more and more experience from the actual electricity production from the reactors, it has
been possible to produce more exact forecasts of future production.
The state-controlled financing system introduced in 1981 was originally designed to collect the
necessary financial means – by means of a certain fee per kWh nuclear electricity – during an assumed
production time of 25 years for each reactor.
There was one basic uncertainty in this concept: what would happen if, for one reason or other,
a reactor will have to be shut down earlier than after 25 years of operation? During the first 15 years of
the financing system, there was no mechanism in the system to cover such an event. But in order to
make the system more robust, measures to that end were taken in the middle of the 1990s. Since then,
the operators must provide a certain type of security (called Guarantee I) to the Government. Through
these guarantees, payments will be made to the Fund at the same rate as if the reactor had been in
operation. Since this will be done, the funds will be accumulated as planned, regardless of whether one
or more reactors are shut down before they have been in operation for the 25 years upon which the
calculation is based. The size and type of security is decided by Government annually. In 2010 there
will be no need for any operator to provide for this type of security.
There is currently enough money in the funds to cover the projected decommissioning costs for
the six reactors which have been operating 25 years or more. In 2010 all reactors will have passed
their 25 years of operating time and all the money needed for decommissioning will be collected –
provided, of course, that cost calculations are correct.

2.4

Handling of uncertainties regarding the management of resources within the Swedish
funding system

Investment rules for the Swedish Nuclear Waste Fund are decided through legislation by
Parliament. When the system was set up in the early 1980s, the fees were simply collected in interestbearing bank accounts with the Bank of Sweden. The level of interest on these funds should
correspond to the average interest on ten-year nominal treasury bonds. The actual level was decided
monthly by the Bank of Sweden.
This system was changed in the middle of the 1990s. A separate government authority, the
Board of the Nuclear Waste Fund, was given the responsibility to manage the fund according to rules
given in legislation. Current rules prescribe that the assets in the Fund are to be deposited in interest86
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bearing accounts at the Swedish National Debt Office or in promissory notes issued by the state. In
practise, the bulk of the assets is invested in nominal and real interest government bonds, with varying
maturities.
The task of the Board is two-fold. One task is to assure that money will be available when
needed. The second is to attain the highest possible real return on the administered capital – taking into
account the limitation on the investment activities prescribed in the legislation. During the period of
1996 – 2003 the real return on investments was 6.2 % on average per year. This level should be
compared with the target set up in 1996 for the whole period of 1996 – 2020, which was 4.0 % on
average per year. The Board’s current target for the period 2004 – 2020 is 3.25 % on average per year.
This target it set taking into account existing investments in different government bonds. For the
period after 2020 the uncertainties are higher. The Board’s current expectation is that the average
annual rate of return will be 2.5 % from 2020 onwards.
Based on these assumptions on future return on invested capital, and taking into account
available information concerning estimated fee-based incomes and expenses in coming years, the
Board presents annually to the Government a rough estimate of the expected development of the Fund
assets up to the 2050s. The latest estimate of this kind was presented in February 2004 (enclosure 8).
These estimates indicate no shortfall of the Fund. However, it should be stressed that the uncertainties
behind the estimated development of the Fund are considerable.
In section 1.4 some examples of financial risks have been presented. The Board’s current view
on these risks and uncertainties can be summarized as follows40::

40.

•

Inflation risk: To reduce the risks of the capital being eroded by inflation, a minimum of
60% must be invested in real rate bonds.

•

Market risks: Since investments are allowed only in bonds and treasury bills issued by the
Swedish state, the only market risks are considered to be the interest risks (for a definition
of the term ‘interest risk’, see section 1.4). To reduce these risks, the duration of the
investments of the Nuclear Waste Fund is limited (must not deviate from a comparison
index by more than 5 years);

•

Credit risk: Since investments are allowed only in bonds and treasury bills issued by the
Swedish state, no limits are needed for the issuer risk. To meet counterparty risks, firm rules
have been established. The rules are the same as applied by the Swedish Legal, Financial
and Administrative Services Agency (the Government has decided that this agency should
act as ‘host agency’ for the Board).

•

Liquidity risk: Nominal rate government bonds and treasure bills normally have a good
liquidity on the interest rate markets. However, the market for real interest rate bonds is
normally not so liquid that substantial volumes can be sold at short notice. Since the
administration of the Nuclear Waste Fund is long term, no specific limit is specified for the
liquidity risk in real interest rate investments.

•

Currency risk: As available information indicates that less than 10 % of the Fund’s future
expenses will have to be covered in foreign currencies, the currency risks are regarded as
minimal. Up to now, no measures have been regarded necessary to meet such risks.

Note that assets in the Swedish Nuclear Waste Fund are meant to cover costs both for decommissioning
of NPPs and for disposal of spent fuel.
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•

2.5

Administrative risks: These risks are managed by the Legal, Financial and Administrative
Services Agency handling the administration and applying the same routines that the
Agency otherwise applies in its asset management activities.

Handling of uncertainties regarding the time factor in the Swedish funding system
A basic uncertainty regarding the time factor is the future of nuclear power in Sweden.

As is well known, there has earlier been a policy decision in Sweden to phase out nuclear power
by 2010 at the latest. This was official energy policy 1980 – 1997. Later energy policy decisions by
our Parliament have confirmed a policy to phase out nuclear energy, but no end year is mentioned.
One of the original 12 reactors, Barsebäck 1, was closed in November 1999 and has been permanently
taken out of operation. Negotiations on important details of a phase-out policy have been going on
between the Government and the electricity producers (the owners of the NPPs), but ended in early
October 2004 without any agreement. The Government then announced its firm intention to close
down Barsebäck 2 during 2005 and to continue a policy of phasing out nuclear power. The
Government claims to have support for such a policy by a majority in Parliament, founded on an
agreement between some of the political parties. However, different developments of these issues
cannot be ruled out.
11 reactors (included Barsebäck 2) are currently operating, and the owners (both state-owned
and private-owned companies) are making substantial investments in the reactors in order to allow
both an increased and a prolonged production. The industry is planning for total operational times of at
least 40 years per remaining reactor.
Obviously, there is currently an uncertainty in assumptions on future nuclear production. As
mentioned in section 2.2, the state-controlled financing system introduced in 1981 was originally
designed to collect the necessary financial means for securing decommission (and disposal of spent
fuel) during an assumed production period of 25 years for each reactor. The ‘end year’ for nuclear
production 2010 was arrived at by simple mathematics – our two newest reactors were planned to start
commercial operations in 1985 (which was also the case).
As the financing system is designed, the timing of decommissioning activities is an important
factor in the calculations behind the size of the fee. A basic assumption for these calculations has been
that decommissioning activities should start as soon as technically feasible after a reactor has been
taken out of operation. In the first calculations, dismantling was supposed to start in 2010 to be carried
out within less than 10 years. It was also foreseen that a period of shutdown operation and service
operation should follow the actual shutdown of a reactor and precede the actual start of dismantling
and decommissioning. Costs for these two operational phases are included in the fees – meaning that
these costs should be covered by money in the Nuclear Waste Fund.
Today the situation has changed. Swedish energy policy is still based on the assumption of a
phase-out of nuclear power. But no time limit is set when phase-out should be completed. The
operators are planning for a total of 40 – or perhaps 60 – years of production at most reactors and a
subsequent later start of shutdown and service operations as well as of the actual dismantling and
decommissioning activities. In any case, the operators argue that decommissioning cannot start earlier
than 2020, because a facility for disposal of decommissioning waste will not be available until that
year.
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To illustrate the effect of the time factor for decommissioning activities on the calculated size of
the fee, the operators have, for some years, presented two alternative scenarios as a basis for the fee
calculations. It should be noted that these scenarios only apply to the methods of calculating the fees
and must not be regarded as predictions of future developments of nuclear power production or of the
timing of future decommissioning activities. Both scenarios are based on the current assumption of a
25-year ‘earning period’.
A so-called “eference scenario” (Case A) is based on the assumption that decommissioning as a
physical activity will not start earlier than after 40 years of production at each reactor. This is the
scenario preferred by the operators. Referring to the provisions stated in the legislation, the regulators
have requested that the operators also present a “traditional” scenario (Case B), where
decommissioning would start as soon as technically feasible after 25 years of production. The exact
definition of the two scenarios has changed over the last few years, but the latest definition implies, in
both cases, that physical decommissioning activities will not start before 2020.
The SKB report 2004 to the Swedish Nuclear Inspectorate on expected future costs contains a
graph illustrating the effects on expenditure from the Fund for these two alternatives (enclosure 9).
The operators argue that an application of Case A will result in a need for lower fees per kWh than if
Case B is applied; the reason being that assets that have already been collected in the Fund will
provide a positive return for a longer time period than in Case B.
It seems clear that timing of decommissioning activities will affect the time during which assets
in the Nuclear Waste Fund could produce a positive return. The Government committee referred to in
section 2.2 is currently considering possible changes in the way the fee is calculated.

3.

CONCLUSIONS

Uncertainties affecting fund collection, management and final utilisation are basic
characteristics in any system aiming at providing financial resources for covering costs in the future.
But the uncertainties can be reduced by being systematically identified and described and then by
taking the appropriate and available measures. However, such measures may vary between different
countries, depending on many factors.
Existing uncertainties are a good reason not to postpone decommissioning activities to a distant
future.
It should be added that one uncertainty of major potential importance has not been discussed in
depth in this paper. The reason is that this uncertainty is not particularly the business of a fund
collector/manager but rather the business of all actors in a community that has established a funding
system.
This uncertainty concerns the possibility that the legal rules forming the basis for a financing
system are changed in a way that undermines the whole idea. A condition for a sound long-term
funding system is no doubt a certain economic stability. Theoretically, a nation might get into such
deep economic difficulties that existing legislation is changed to allow the use of collected funds for
other purposes than originally intended.
Those who deal with long-term funding systems, such as for decommissioning, should not
forget this possibility, even if it might look remote or improbable. Even a financing system that has
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been constructed to be robust against identified uncertainties might fail. Who would have to bear the
costs in such a case?
There will always be a temptation to pass on costs to someone else. This ‘someone’ is, in the
end, the collective of future taxpayers. They are our grandchildren and their children. They certainly
expect us to do better than passing on liabilities to them.
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Nine illustrations and graphs
1.

Illustration of the Swedish financing system for disposal of spent fuel and decommissioning of
nuclear power plants.

2.

The Swedish Nuclear Waste Fund 1982 – 2003.

3.

Overview of income and expenses for the Swedish Nuclear Waste Fund 1982 – 2003.

4.

Assets in the Swedish Nuclear Waste Fund 2003 and estimated costs.

5.

Size of fees (öre per delivered kWh) paid to the Swedish Nuclear Waste Fund 1982 – 2003

6.

Nominal and real returns on the capital in the Swedish Nuclear Waste Fund 1996 – 2003.

7.

Guarantee I and Guarantee II 1997 – 2003 (nominal values).

8.

Rough estimated development of the Nuclear Waste Fund (2004).

9.

SKB’s estimates of expenditures from the Nuclear Waste Fund based on Case A and Case B.

1. Illustration of the Swedish financing system for
disposal of spent nuclear fuel and
decommissioning of nuclear power plants

Explanations of acronyms:
SKI, The Swedish Nuclear
Power Inspectorate
SKB, The Swedish Nuclear
Waste Management Co
SFR, Final repository for lowand intermediate-level nuclear
waste (operated by SKB)
CLAB, Central interim storage
for spent nuclear fuel
(operated by SKB)
Source: The Board of the Swedish Nuclear Waste Fund: Annual report 2003;
also available on the websites of the Board (www.karnavfallsfonden.se) and of
the Swedish Nuclear Inspectorate (www.ski.se).
October 2004
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2. The Swedish Nuclear Waste Fund 1982 - 2003

Source: The Board of the Swedish Nuclear Waste Fund: Annual report 2003
October 2004

3. Overview of income and expenses for the
Swedish Nuclear Waste Fund 1982 – 2003

3.1 Total results
Bn SEK Bn €
Total fee-based income
25
Total financial income
21
Total expenses
./.16
Fund assets 31 Dec 2003
(book value)
30
3.2 Results 2001 – 2003 (Million SEK)

Fee-based income
Financial income
Expenses
Fund increase

2.8
2.3
./.1.8
3.3

2003
2002 2001
459
644
730
1 478
3 706 1 655
./. 1 087 ./. 1 034 ./. 859
850
3 316 1526

October 2004
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4. Assets in the Swedish Nuclear Waste
Fund 2003 and estimated costs
Bn SEK

Bn €

Fund assets 31 Dec 2003
(book value)

30

3.3

Estimated future costs
2004 – 2050´s

50

5.5

To be covered by fees during
remaining reactors’ lifetime
AND by financial income

20

2.2

Total amounts for Guarantee
II 2003

3.8

0.4

October 2004

5. Size of fees (öre per delivered kWh) paid to
the Swedish Nuclear Waste Fund 1982 - 2003

October 2004

Source: Förslag till avgifter och säkerhetsbelopp för år 2004, SKI-Rapport 2003:39 (Proposal by the
Swedish Nuclear Inspectorate to the Government on fees and guarantees for 2004, in Swedish only)
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6. Nominal and real returns on the capital in the
Swedish Nuclear Waste Fund 1996 - 2003
2)
1)

October 2004

1)

The nominal return is
measured as the sum
of realized and
unrealized value
changes in the
investments as well as
interest accrued
(including inflation
compensation on real
interest investments).

2)

Statistics Sweden´s
inflation index (12month changes in the
consumer price index)
as at December each
year is applied as a
measure of inflation.

Source: The Board of the Swedish Nuclear Waste Fund: Annual report 2003

7. Guarantee I and Guarantee II 1997 –
2003 (nominal values)

October 2004
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8. The Board of the Swedish Nuclear Waste Fund: Rough
estimated development of the Fund, February 2004
Projected fee-based incomes and expenses based on data from the
Nuclear Power Inspectorate January 2004. The Board estimates real
return from the Fund to be 3.25% up to year 2020, and then 2.5% (as an
average)

35 000,0
30 000,0

Income minus expenses

25 000,0

Fund capital

msek

20 000,0
15 000,0
10 000,0
5 000,0
0,0

20
04
20
07
20
10
20
13
20
16
20
19
20
22
20
25
20
28
20
31
20
34
20
37
20
40
20
43
20
46
20
49

-5 000,0

år
October 2004

9. SKB´s estimates of expenses from the Nuclear Waste
Fund based on Case A and Case B

October 2004

Source: SKB, Plan 2004, Costs for management of the radioactive waste
products from nuclear power production (published in Swedish only)
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Appendix 3

NATIONAL PRESENTATIONS ON:

GOOD AND BAD EXPERIENCES FROM THE MANAGEMENT OF EXISTING
FUNDING SYSTEMS – AND IDEAS FOR IMPROVEMENT
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SLOVAK REPUBLIC

STATE FUND OF DECOMMISSIONING OF NUCLEAR INSTALLATIONS AND
HANDLING OF SPENT NUCLEAR FUELS AND NUCLEAR WASTES

State Fund for Decommissioning of Nuclear Installations and Handling of Spent Nuclear Fuels
and Nuclear Wastes was established by the Act 254/1994 of the National Council of the Slovak
Republic as a special-purpose fund which concentrates financial resources intended for
decommissioning of nuclear installations and for handling of spent nuclear fuels and radioactive
wastes. The Act was amended in 2000, 2001 and 2002. The Fund is legal entity and independent from
operator of nuclear installations Slovak Power Facilities Inc. The Fund is headed by Director, who is
appointed and recalled by Minister of Economy of the Slovak Republic.
Sources of the Fund are generated from:
a)

contributions by nuclear installation operators

b) penalties imposed by Nuclear Regulatory Authority of the Slovak Republic upon natural
persons and legal entities pursuant to separate regulation
c)

bank credits

d) interest on Fund deposits in banks
e)

grants from State Budget

f)

other sources as provided by special regulation

Fund resources may be used for the following purposes:
a)

decommissioning of nuclear installations

b) handling of spent nuclear fuels and radioactive wastes after the termination of nuclear
installation operation
c)

handling of radioactive wastes whose originator is not known, including occasionally
seized radioactive wastes and radioactive materials stemming from criminal activities
whose originator is not known, as confirmed by Police Corps investigator or Ministry of
Health of the Slovak Republic

d) purchase of land for the establishment of nuclear fuel and nuclear waste repositories
e)

research and development in the areas of decommissioning of nuclear installations and
handling of nuclear fuels and radioactive wastes after the termination of the operation of
nuclear installations
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f)

selection of localities, geological survey, preparation, design, construction, commissioning,
operation and closure of repositories of spent nuclear fuels and radioactive wastes,
including post-closure monitoring of such repositories

g) expenditures connected with Fund activities up to a maximum of 0,3% of annual Fund
revenues
The Minister appoints Fund Council as his advisory body for generation and utilisation of Fund
resources. Council members are appointed and recalled by the Minister, in particular from among
experts in the fields of nuclear energy, health, environmental protection, economy and local
government. The Minister at Council’s suggestion decides upon granting of resources from the Fund.
The operator of nuclear installations submits applications until 15 June every year. Grants from
the Fund may only be used for purposes for which they were granted. Audits of Fund management are
the responsibility of Ministry of Finances of the Slovak Republic. The Prognosis for full financial
support of back end of nuclear fuel cycle is compiled every other year for long-term phase (e.g. year
2130). Sources and utilisation of financial means are analysed in the prognosis, which is approved by
the Government of the Slovak Republic. Outcome of this analysis defines financial contributions of
operators of nuclear installations for the Fund.
Verifications of data in the table:
The Fond become active in 1995. State paid for decommissioning of A1 Power plant Jaslovské
Bohunice until 2001. EC is one of the contributors for BIDSF fund. Costs for decommissioning
and waste management including disposal were 3,6 Billions €.
Balance in our accounts at the end of 2004 is expected to be 291, 947, 653 €. Balance in our
accounts as of 31 March 2004 was 317, 911, 925 €.
Table 1:

Estimation of costs in mil. €

ACTIVITIES

2004

Decommissioning NP A-1, 1. phase

6.2975

Decommissioning NP A-1, 2. phase

0

Decommissioning NP V-1

0.1875

Nuclear repository for spent fuel and highly active waste

0.7

Handling of radioactive waste

6.065

State repository Mochovce

2.09

Repository for short term placement of spent fuel /Decommissioning
plant/

7.21

Other costs

5.82
SUM

28.37
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OMEGA method - Oracle Multicriterial General Assessment of Decommissioning was used for
calculation of costs for decommissioning of nuclear installations. The method is useful for calculations
of scenarios, comparing scenarios, calculations of parameters for decommissioning and selection of
optimal scenario. The method is useful for calculation of costs of back end of fuel cycle and other
activities within back end of nuclear energy cycle. Outcomes of calculations are clearly comparable
with other projects. The method is combined with MS Project and MS Excel.
Contact for future reference:
Miloš Kozma M.B.A.
SF LJEZ Mierová 19,
827 15 Bratislava
Slovak Republic
Tel.: +421 2 5341 8183
e-mail: kozma.sfljez@nextra.sk

Sources for the report:
1. Act 254/1994 Coll. L.L. of the National Council of the Slovak Republic.
2. Prognosis for full financial support of back end of nuclear energy in Slovak Republic.
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SWITZERLAND

Management of Existing Funding Systems in
Switzerland
H. Maxeiner
1
2
3
4

Funds for D&D and Waste disposal
Organisation and payments
Investments and reporting
Final remarks
1

TS on Funding Issues/10.h, 5th WPDD-Meeting, Nov 9, 2004

1 Funds for D&D and Waste disposal
• „Producers pay principle“: Producers of radioactive waste are
responsible for financing its safe disposal

• Two independent funds supervised by the Confederation:

-

Decommissioning fund for nuclear facilities: Secure financial
resources for D&D and for disposal of the resulting waste (not SF)

- Established January 1, 1984 as a public law entity, Berne
- KKB (1970), KKM (1971), KKG (1979), KKL (1984), ZWILAG (2001)

-

Disposal fund for nuclear power plants: Cover costs for
management of operational waste and SF after decommissioning

- Established April 1, 2000
- Repositories: 2020 - 2050

2

TS on Funding Issues/10.h, 5th WPDD-Meeting, Nov 9, 2004
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1 Funds for D&D and Waste disposal
• Decommissioning fund
- Calculation of contributions based on
- Estimated D&D costs (taking account of cost development): first studies 1984,
latest studies 2000/2001

- Disposal of waste arising from D&D
- Administration costs

-

Latest decommissioning studies: Costs amount to 1.9 Billion CHF
(pricing basis January 1, 2001)
Annual contributions based on 40 years operation time

• Disposal fund
- Calculation of contributions based on
- Management of operational waste and SF following the decommissioning
- Transport/storage containers, transport, reprocessing and/or direct disposal of
SF, conditioning and interim storage, deep geological disposal

- Administration costs

-

Latest studies: Costs amount to 12 Billion CHF
Annual contributions based on 40 years operation time

3

TS on Funding Issues/10.h, 5th WPDD-Meeting, Nov 9, 2004

2 Organisation and payments
• Contributions to the decommissioning fund

-

Contributions required up to the assumed decommissioning date are
converted into annual amounts
Assumed inflation rate 3%, capital projected on a basis of 5% (net return
2% = decisive!)
Annual contributions reviewed every 5 years (shorter periods possible in
case of unforeseen events), if new operators enter or a facility is
decommissioned

• Fund organisation

-

Executive bodies: Management Committee and Secretariat
MC nominated by Federal Department of Environment, Transport, Energy
and Communications
Sub committees set up by MC
- Investment Committee
- Cost Committee

4

TS on Funding Issues/10.h, 5th WPDD-Meeting, Nov 9, 2004
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2 Organisation and payments

5

TS on Funding Issues/10.h, 5th WPDD-Meeting, Nov 9, 2004

2 Organisation and payments
• Management committee

-

9 members (4 operators)
Periodical determination of estimated D&D and WM costs
Assessment of owners contributions
Stipulation of investment policy

• Investment committee

-

6 members (4 operators)
Investment strategy and guidelines -> Management committee
Implement investment strategy and guidelines
Selection procedures for asset managers, auditors ...
Supervision of payment transactions

• Cost committee

-

7 members (3 operators and regulator)
Calculate costs and specify annual contributions
Deal with non-budgeted expenses

6

TS on Funding Issues/10.h, 5th WPDD-Meeting, Nov 9, 2004

105

NEA/RWM/WPDD(2005)4

3 Investments and reporting
• Investment concept

-

-

Mixed asset management mandates with identical start-up
investments and guidelines given to
- 3 (former 4) banks for Decommissioning fund
- 10 banks
Invest in CHF and non-CHF bonds, CHF and non-CHF equites and real
estate
Investments and compliance with guidelines monitored by Investment
Committee und external experts

• Transparent Reporting (German, French, English)

-

(Detailed) Annual reports ...
www.stilllIegungsfonds.ch
www.entsorgungsfonds.ch
www.nagra.ch

7

TS on Funding Issues/10.h, 5th WPDD-Meeting, Nov 9, 2004

4 Final remarks

Nuclear Energy Act (January 1, 2005)

¾Producers pay
¾Supplementary payments
¾Confederation

8

TS on Funding Issues/10.h, 5th WPDD-Meeting, Nov 9, 2004
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SPAIN
Funding in Spain

Funding in Spain
Juan Luis Santiago (ENRESA)

11/2004

Funding in Spain

Spanish NPPs Decommissioning Strategy

9 Decommissioning strategies
currently considered are:

FRANCE

o Immediate dismantling (for all
LWR)

GAROÑA
ASCO I y II
JUZBADO
VANDELLOS I y II

o Deferred dismantling (only for
Vandellós-I)
9 Dismantling is assumed to
commence 3 years after shutdown
9 End point: Release the site for
industrial uses without radiological
restrictions
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PORTUGAL

SAELICES
EL CHICO

TRILLO

ZORITA
ALMARAZ I y II

LA HABA

COFRENTES

SIERRA
ALBARRANA
ANDUJAR

– 9 LWR in operation
– 1 GCR under
Decommissioning
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Funding in Spain

Considerations for Planning and Funding

9 40 years of lifetime for the nuclear power plants
currently in operation (7.6 Gwe installed)
9 Decommissioning of NPPs
o Vandellós I: Partial dismantling (Level 2) in 2003.
Total dismantling (Level 3) after a 30 years period
o Rest of NPP’s.Total dismantling (Level 3), as
regards calculation and planning 3 years after
final reactor shutdown

Funding in Spain

Distribution of Responsibilities

9 Decommissioning is planned to start about 3 years
after plant shutdown
9 During this period the Utility is still responsible for
the plant and should remove the spent fuel and
condition all the operational wastes, prior to the
transfer of responsibility to Enresa
9 After transfer, Enresa is fully responsible for
decommissioning

108

NEA/RWM/WPDD(2005)4

Aspectos Económico-Financieros

Funding in Spain

5º General Radioactive Plan (June 2004 Rev.): Economic & Financial Aspects
Management Cost
9 Total Cost Estimate: 12.000 M€04 (1985-2070)
D&D
20,8%
Annual Cost (M€ 2004)

OTHERS
0,4%
R&D
3,1%

STRUCTURE
13,0%

SF/HLW
49,9%

VLLW/LLW
12,7%

9 24% incurred up to 2004

Funding in Spain

Decommissioning Funding and Management Rules

9 The cost of the decommissioning of nuclear
installations are financed by the producers of such
wastes
9 The financing of these responsibilities is by way of a
Fund set up for this purpose
9 The costs are calculated by Enresa by means of an
annual study, which reviews the status of the
techniques and assesses the associated costs, this
study being submitted in the General Radioactive Waste
Plan to the Ministry of Economy for its approval
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Funding in Spain

Decommissioning Funding and Management Rules

9 The Fund, managed by Enresa, is raised by a charge on
the electricity price
9 The accumulated fund is administrated by Enresa
under the supervision of the competent governamental
authorities
9 Rules are established by a Fund Control Comittee
reporting to the Ministry of Economy

Aspectos Económico-Financieros

Funding in Spain

5º General Radioactive Plan (June 2004 Rev.): Economic & Financial Aspects
9 Radw. Operation NPPs
9 D&D NPPs
9 Others

CNE

% Revenues via Electricity Tariff

TRACKING AND CONTROL
COMMITTE
MITYC
9 Radw. Operation Juzbado
9 D&D Juzbado

Invoice in Advance

9 Radw. from II.RR. & Other

Direct Invoice

FUND FOR THE FINANCING
OF THE ACTIVITIES IN THE
GENERAL RADIOACTIVE
WASTE PLAN

Court of Auditors
Social Security
Audit Office
Inspectorate of
Finance

TEMPORARY FINANCIAL
INVESTMENT PORTFOLIO

9 Other incomes

Monetary Flux

FINANCIAL
YIELDS
FINANCIAL
MARKETS

Auditoria and Control
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Aspectos Económico-Financieros

Funding in Spain

5º General Radioactive Plan (June 2004 Rev.): Economic & Financial Aspects

Financing via electricity Billing
The costs of activities arising as a result of
radioactive waste management are to
be financed by the producers
System established

Nuclear Power Plants

Other producers

Establishment of a percentage
quota on electricity billing
throughout the entire
electricity sector

Tariffs for
services
rendered

Up-front generation of funds

Funding in Spain

5º General Radioactive Plan (June 2004 Rev.): Economic & Financial Aspects
The total amount obtained electricity tariff, plus the corresponding
financial yield, shall cover the following costs:
9 The management of radioactive wastes generated during electricity
production by nuclear means from the origin
9 The management of radioactive wastes arising from research activities
that, in the opinion of the Ministry of Economy, have been directly
related to electricity production by nuclear means
9 The D&D of nuclear electricity generating facilities, as well as
management of the resulting radioactive wastes
9 The D&D operations carried out as a result of uranium mining and
milling activities performed prior to the constitution of ENRESA
9 Other costs to be incurred by ENRESA for the performance of its
missions in relation to the activities set out above
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Funding in Spain

Financial Parameters

9 The Fund has to be provided during the operating
lifetime of the nuclear power plants
9 The Fund includes provisions for waste/spent fuel
management and decommissioning
9 The Fund required is based on Discounted Costs:
o Base Year: 1999
o Inflation Rate: 2%
o Discount Rate: 2.5%

Aspectos Económico-Financieros

Funding in Spain

5º General Radioactive Plan (June 2004 Rev.): Economic & Financial Aspects
Total cost of NPP
waste management
updated to year N
Financial requirements
pending

Income Estimate

Total energy discounted to
be generated by all NPP`s
from 1st January year N

Coefficient
Pts/kWh. nuclear

Forecast nuclear
production for year N

Income required
year N

Total electricity billing
forecast for year N

Theoretical quota
for year N

M€ 2004

Net Accumulated
advances (Fund) as of
31st Dec. year N-1

Real

Determination of
actual quota proposed

Evolution study of
theoretical quota in
subsequent years
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Aspectos Económico-Financieros

Funding in Spain

5º General Radioactive Plan (June 2004 Rev.): Economic & Financial Aspects
M€ 2004
9 Radwastes Management Total Costs ……………………………………………....................12,000
9 Radwastes Management Total Cost (from Jan/2005)…………………………………….........9,115
9 Radwastes Management Total Cost (from Jan/2005), on a Discount Rate of 2.5%……..….5,022
9 Accumulated Fund (Jan/2005)………………………………………………………………..……1,644
9 Estimated Cost to Finance………………………………...…………………………………..…...3,378
Estimated Financial Cost from 1/01/2005

Estimated Financial Cost from 1/01/2005

Increasing CNE Revenues Scenario

Constant CNE Revenues Scenario

Financial Yields
30,51%

Revenues CNE
51,10%

Fund 1/01/2005
18,04%

Financial Yields
32,20%

Revenues CNE
49,41%

Adv/ Dir Invoicing
0,35%

Fund 1/01/2005
18,04%
Adv/Dir Invoicing
0,35%
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Appendix 4

NATIONAL PRESENTATIONS ON:

WHAT IS DONE TO ENSURE THAT FUNDS WILL BE AVAILABLE WHEN NEEDED?
POSITIVE AND NEGATIVE EXPERIENCES IN EXISTING SYSTEMS
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FINLAND

What is Done to Ensure that Funds will be Available when Needed?
Positive and Negative Experiences in Existing Systems - Finland

The Finnish system
• waste producer is responsible
• all waste management including decommissioning is covered
• fund is a guarantee and a way to include future costs in the
price of electricity
• fund covers future costs of existing wastes, thus liabilities are
re-evaluated annually
• present day technology and costs are used, no discounting
• segregated fund, waste producer can borrow back 75%, State
can borrow the remaining 25%
11/2004/JPP

Topical session on funding issues in connection with decommissioning of nuclear power plants,
OECD/NEA/RWMC/WPDD, November 9, 2004

© POSIVA OY

What is Done to Ensure that Funds will be Available when Needed?
Positive and Negative Experiences in Existing Systems - Finland

Measures included in the system to ensure the sufficiency
and availability of funds
• uncertainties have to be accounted for
• additional 10% security over the total liability is demanded
• the part of liability not yet in the fund as well as loans have to
be covered with securities
• the profit of the fund covers the inflation
• annual reviews of plans and cost estimates

11/2004/JPP

Topical session on funding issues in connection with decommissioning of nuclear power plants,
OECD/NEA/RWMC/WPDD, November 9, 2004
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What is Done to Ensure that Funds will be Available when Needed?
Positive and Negative Experiences in Existing Systems - Finland

Other measures to ensure the sufficiency and availability of
funds
• comprehensive legislation, well-defined responsibilities
• well-defined policy, programme and milestones
• programme proceeding in schedule => largest waste
management investments will be made during NPP operation
• detailed technical plans and designs, decommissioning plans
updated every 5 years, cost estimates based on NPP specific
plans
• independent reviews of cost estimates of different waste
management components
11/2004/JPP

Topical session on funding issues in connection with decommissioning of nuclear power plants,
OECD/NEA/RWMC/WPDD, November 9, 2004

© POSIVA OY

What is Done to Ensure that Funds will be Available when Needed?
Positive and Negative Experiences in Existing Systems - Finland

Experiences
• the annual changes in the liabilities have in most cases been
within the assumed uncertainties
• the realised costs of the existing waste management facilities
have been reasonably close to cost estimates
• the demands of secure investments and above inflation profits
are sometimes contradictory

11/2004/JPP

Topical session on funding issues in connection with decommissioning of nuclear power plants,
OECD/NEA/RWMC/WPDD, November 9, 2004
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FRANCE

Working Party on Decommissioning and Dismantling

What is done in France to ensure that funds will be
available when needed ?
09/11/2004
Arnaud LOCUFIER & Jean JAVANNI
Sub-directorate for Nuclear Industry

Directorate for Energy and Mineral Resources

Background
 3 nuclear operators in France :
which bear the responsibility for the
– EDF
nuclear long term liabilities (D&D,
– AREVA
nuclear waste long term management).
– CEA
 & a national agency for radioactive waste management
(ANDRA)
 Supervision of the operators by the Government
Departments
 Regulatory control of safety through the Nuclear Safety
Authority (ASN)

119

NEA/RWM/WPDD(2005)4

Nuclear operators’ responsibilities

Decommissioning and Dismantling

Radioactive Waste Management

Technical
point of view

EDF, CEA, AREVA

ANDRA

Funding

EDF, CEA, AREVA

EDF, CEA, AREVA

Decommissioning and Dismantling

Radioactive Waste Management

Amount of
reserves

Estimated costs of the D&D operations
Periodic reevaluation

For LLWs and MLWs : commercial contracts
For HLW - LL : ANDRA estimation of a deep
geological disposal

Funding

 No legal requirements for the operators to create a specific
fund for D&D and waste long term management.
 However, EDF, AREVA and CEA already set up funds with
specific assets.
 These funds are managed by the companies, supervised by a
special committee (CEA and AREVA) which play an
advisory role for the Board of Directors.
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Evolutions
 Open competition on European electricity market
 Evolution of EDF status
 AREVA could go public
 2006 debate on HLW-LL long term management

It is essential to redefine the French approach.
The time constant is quite long.
A European frame could be used.

France Favours
a Harmonised European Legal Frame
 France shared the intentions of Mrs. De Palacio
in launching the “Nuclear Package”.
(continuation to the Green Paper)
 France favoured the inclusion of the dismantling issue
in this Package:
– Lack of provisions on this issue is a matter of concern.
– Mandatory segregation of funds is not suitable for all MS.
– A balance had been found.

Î But the Nuclear Package has not been voted:
Council Conclusion of 28 June 2004.
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Member States to work together
in a “Bottom-Up” Approach
 Commission issued its report 3 Nov. 2004. COM(2004)719
 Pending legal issues:
– Legal base for European legislation: safety (Euratom) or
competition law (EC)?
– Where/which are State Aids that may distort competition?

 Support an “Action Plan” for the implementation of
the Conclusions of the Council.
(towards 2006-2007)
Ç France is committed to come to a European consensus on the
implementation of the following:
“to ensure that adequate financial resources are available as to cover when
needed the decommissioning costs”.
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GERMANY

OECD/NEA: Working Group on
Decommissioning and Dismantling
Topical Session on Funding (Agenda item 10n)

Paris, 08 November 2004

Ensuring the Availability of Funds

Ernst Warnecke, BfS
Michael Paul, BMU

Legislation and regulation pertinent to funding
• no site / facility specific legislation / regulation (Decommissioning Guideline)
• the obligation for D+D results from the Atomic Energy Act (AtG) [§ 9a (1)]
• the AtG requires a license for D + D of a nuclear facility [ § 7 (3)]
• the Commercial Code [§ 249 etc.] requires reserves for liabilities
• the Income Tax Law (EStG) is relevant for the taxation of reserves
• the „Ordinance on Advance Payments ...“ (Endlager VlV) is relevant for
the construction of RW disposal facilities [§21 b]
• the AtG [§ 21a (1)] is relevant for the payment of RW disposal costs

2
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Financing system
• Basic Principle: Polluter pays
• Publicly funded facilities (mainly Federal Government)
- payment from annual budget
• Privately owned facilities
- collection of ”reserves” during operation / linear accumulation over 25 years
- coverage: processing, storage and disposal of radioactive waste/spent fuel
D + D of nuclear facilities
- reserves are in the portfolio of industry [30 - 35  109 €; incl. disposal]
- financial risk lies with the operator
• Availability of private funds
- annual review / revision of the cost calculations by the operator
- review of cost calculations by tax authorities

3

Costs
• Cost calculation
- by the operator
- are based on detailed planning
- need to be assessed conservatively [HGB § 252 (1) 4]
• D + D cost calculation (as of 1999):
- ca. 300 · 106 Euro

1200 MW PWR (excl. disposal)

- ca. 350 ·

106

Euro

800 MW BWR (excl.disposal)

- ca. 700 ·

106

Euro

(incl. disposal of non-heat generating waste)

- immediate dismantling is slightly cheaper than deferred dismantling
• Review and decision on adequacy of cost calculation by tax authorities

4
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Experience
• A lot of experience (public and private) has been gained

ongoing D + D
industr. / publ.
facilities

Type

total

D+D
completed

NPPs + prototype reactors

18

2

6 / 10

Research reactors

32

21

- / 11

Fuel cycle facilities

10

5

3/2

Additionally: Restoration of WISMUT Uranium M+M facilities
• Experience is good:

funds were available

5

Changing conditions - new challenges
• Termination of nuclear energy generation
• New approach to waste disposal
• Privatisation of utilities
• Liberalisation of energy market

•Does the existing funding system need improvement?
• Reconsideration of the existing situation
• Exploration of potential improvements
• Discussion was initiated
• No results or decisions

6
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Concluding remarks
• Discussions focussed on “the best” funding system
• In practice:

- Each funding system has its pros and cons
- No funding system is perfect

• The direction of discussions should be changed
• New focus:

Discussion of features required to make a funding
system safe

7
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ITALY

SOGIN

Decommissioning
Decommissioning
strategy and
and funding
funding
strategy

19 June 2003

Summary
Statement
Strategy for decommissioning
Previously existing fund
Regulatory aspects
Funding mechanism
Present situation
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Statement

In Italy, as it is well known, there are no more
operational NPPs.
The four existing nuclear plants are definitely
shutdown and ready for decommissioning:
Caorso - BWR - 860 Mwe
Garigliano - BWR - 160 Mwe
Trino - PWR - 260 MWE
Latina - GCR - 153 MWe
Considerations on decommissioning funding system
have to take into account this particular situation

Strategy for decommissioning

New inputs given to SOGIN
by the Italian Government are:
conditioning all radioactive waste existing
on the NPPs within the year 2010
release all nuclear sites – free
of radiological constraints - by 2020

The last task is conditioned by availability of the
national waste repository by the year 2009
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Strategy for decommissioning

Key issue is prompt dismantling considering:
-No more nuclear activities in Italy
-Progressive loss of competences

Previously Existing funds (1)

Before plant shutdown, ENEL has cumulated provisions
for decommissioning, even in absence of a clear
regulatory framework. These provisions were not
sufficient for decommissioning, considering the early
closure of the plants.
An additional fund was granted to ENEL by the
government, in the form of a “credit” to be paid by the
“electric system” (CCSE).
This fund (provisions + credit) was considered
sufficient by ENEL for a decommissioning with Safe
Store strategy (fund = discounted foreseen costs)
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Previously Existing funds (2)
The total fund (provisions + credit) was assigned to
Sogin at the incorporation date. The amount, money
1999, was about 800 M€
Considering the new context:
new strategy (Prompt Dismantling with site release
by 2020)
Sogin constitution (societal costs)
new economic conditions
the fund was not considered sufficient for all Sogin
tasks
This conclusion was agreed upon also by the
independent “Authority for electric energy and gas”.
A new regulatory framework was therefore defined

Regulatory aspects (1)

The Legislative Decree 79/99 has stated that costs
for the decommissioning of NPP, fuel cycle back end
and related activities should be considered as
stranded costs for the general electric system

The same Decree stated that a specific company
should have been established for the management
of these activities. Consequently, Sogin has been
incorporated, all nuclear assets and liabilities of
Enel being assigned to the Company. Sogin is
responsible for decommissioning and fuel back end,
under the policy indicated by the Governement
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Regulatory aspects (2)

The Ministerial Decree 26.01.2000 precisely defined
which costs can be considered as stranded costs. As
a matter of fact, the decree confirms that all costs
incurred in by Sogin for decommissioning, fuel cycle
back end, wastes disposal are to be considered.
The same Decree defines modalities for funding
Sogin for the above mentioned activities.

Regulatory aspects (3)

The same Decrees define that in the “related
“related
activities” the dismantling of research plants for the
nuclear fuel cycle should be considered. These
plants are now property of Enea and FN.
The Decree defines modalities for funding Sogin for
the above mentioned activities.
Sogin is entitled to receive also the funds for the
decommissioning of Enea plants, providing a
Consortium with Enea.
Enea.
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Funding mechanism (1)

Main Criteria:

Costs are financed with a levy on the price of kWh for
final consumers

The amount of the levy, for different categories of
consumers, is defined by the “Authority for electric
energy and gas”

Funding mechanism (2)
Regulatory procedure:
Sogin presents to the Authority, each year by Sept.
30th, a complete program with scheduled activities
and cost estimates for the overall project. Present
estimates consider a global cost of about 2600M€ for
power plants and 630 M€ for Research plants
(constant money 2002)
The Authority, every three years, determines the total
amount of the expenses on the basis of Sogin
documentation, taking into account efficiency criteria.
Annual rere-considerations are possible if major events
occur
On this basis, the Authority defines the amount of
the levy
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Funding mechanism (3)

Monetary flow:

Distribution companies pay the related amount to a
central Body (CCSE)

CCSE pays, every two months, the due amount to
Sogin.

Funding Mechanisms through the electrical bill

SOGIN

Programs
and results

Regul. Auth.
For electr. and
gas

Control

Industry and
Economy
Ministries

Decision
On
surcharge
Bills

Distributori elettrici

Electrical
companies

CCSE
(Compensation
fund)
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Present situation (1)

In early 2002, the Authority issued the first resolution
for the determination of decommissioning costs
Specific reference was made to costs foreseen for
20022002-2004, in the general context of the pluriannual
program. The Authority endorsed the cost estimates of
Sogin
A global levy of about 0,06 eurocents/kWh is now
established; the annual income for Sogin (and Enea)
Enea) is
about 150 M€

Present situation (2)
In summary, Sogin has today a decommissioning fund that
is built by two parts:
• the provision (cash) assigned from Enel (about 400
M€)
• a credit towards the “electric system”, corresponding
to the expenses foreseen in next three years period
(about 350 M€).
This credit shall be rere-determined every three year
It is expected that in the medium term decommissioning
costs shall be covered by rere-determined credits for
successive three year periods
The cash part of the fund shall be used in the long term
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Funding/
Funding/accounting separation scheme
Lines indicate
accounting separation

External
services
funding

NPP’s funding
Electr. Energy
ENEL cash
funds

Consumpt.

Financial
revenues

CONTRACT
REVENUES

Surcharge

NPP’ decommissioning costs

Fuel cycle plants funding
Electr. Energy
Consumpt.

Financial
revenues

Surcharge

External
services
costs

Fuel Cycle plants
decommissioning costs

Present situation (3)
The “cash” part of the fund is managed by Sogin
according to guidelines issued by the Ministry of
Economy. At the moment only low risk investment are
allowed.
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Institutional Framework
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NPP’s
NPP’s Decommissioning Programs
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

OPERATIONAL WASTE CONDITIONING
SPENT FUEL AND NUCLEAR MATERIAL
REMOVAL FROM THE PLANTS
INTERIM STORAGE BUILDINGS
CONSTRUCTION
FACILITY MODIFICATION IN
PREPARATION OF D&D
OVERALL DECOMISSIONG PLAN
APPROVAL
WASTE MANAGEMENT FACILITY
CONSTRUCTION
"NUCLEAR" SYSTEMS AND BUILDINGS
D&D
"NON NUCLEAR" SYSTEMS AND
BUILDINGS D&D
SITE RELEASE WITHOUT RADIOACTIVE
COSTRAINTS
TRINO
GARIGLIANO
CAORSO
LATINA

Power plants decommissioning costs
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Annual costs (Mln €)
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Cumulated costs (Mln €)

Mln €

Mln €

2.750
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Fuel Cycle Plants decommissioning Program
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

OPERATIONAL WASTE CONDITIONING
SPENT FUEL AND NUCLEAR MATERIAL
REMOVAL FROM THE PLANTS
FACILITY MODIFICATION IN
PREPARATION OF D&D
INTERIM STORAGE BUILDINGS
CONSTRUCTION
OVERALL DECOMISSIONG PLAN
APPROVAL
WASTE MANAGEMENT FACILITY
CONSTRUCTION
"NUCLEAR" SYSTEMS AND BUILDINGS
D&D
"NON NUCLEAR" SYSTEMS AND
BUILDINGS D&D
SITE RELEASE WITHOUT RADIOACTIVE
COSTRAINTS
ITREC
EUREX
PLUTONIO
OPEC
FN

Costs breakdown
SOGIN headquarter
8%
FN
1%

Caorso
18%

EUREX
8%
Plutonio
6%

Caorso
Garigliano
Latina
Trino
Spent fuel

Billions of €
0,6
0,3
0,6
0,3
0,6

Total NPP's
ITREC
Celle Calde
Plutonio
EUREX
FN

GRAND TOTAL

Celle Calde
3%
ITREC
6%

Spent fuel
17%

2,4
0,2
0,1
0,2
0,3
0,04

Total FC plants
SOGIN headquarter

Garigliano
8%

0,8
0,3

3,5
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UNITED KINGDOM

Funding Decommissioning – UK Experience

Gordon MacKerron
Associate Director
8 November 2004

Up To 1990







‘Funding’ started with CEGB and SSEB (state-owned electric utilities) in
1976 using the internal unsegregated fund route (i.e unfunded).
This continued until privatisation of electricity industry (excluding
nuclear) in 1990. Assets bought with the internal unsegregated fund were
mostly transferred into non-nuclear private utilities.
New state-owned Nuclear Electric (England and Wales) was given a
‘Fossil Fuel Levy’, a consumer charge of 10% on retail bills, amounting to
c. £1bn. annually. This allowed Nuclear Electric to trade legally (A reserve
of £2.5bn. was available from Government if company ran out of money).
2
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Nuclear Privatisation





By 1996 the newer nuclear stations (AGRS plus PWR) were privatised as British
Energy. British Energy started an external segregated fund, the Nuclear
Decommissioning Fund, with a starting endowment of c. £225m. - and BE made
annual contributions of £16m. into the Fund. Assumptions were that BE had 70
to accumulate cash and could get a 3.5% average annual real return.
Older stations (Magnox) were left in private sector and went to BNFL in 1997.
Magnox inherited the surplus cash in BE – mostly unspent Fossil Fuel Levy
receipts – of c. £2.6bn. Government gave an ‘Undertaking’ to pay £3.8bn.
(escalating at 4.5% real annually) for Magnox liabilities, should Magnox Electric
run out of cash. BNFL inherited the £2.6 bn. and by 2000 had a ‘Nuclear
Liabilities Investment Portfolio’ of c. £4bn. This was a quasi-segregated internal
fund for liabilities in general. [Note: overall UK nuclear liabilities in civilian
sector were running at c. £48bn. by now].

3

NERA Economic Consulting

British Energy

BE started profitable and paid £100m. annually in dividends to
private investors for several years. BE ran into severe financial
problems after 2001 and Government organised restructuring aid,
now approved by European Commission. Terms include:

•
•
•

•
BE now to contribute £20m. a year into an expanded Nuclear
Liabilities Fund
A bond issue of £275m. to go to Fund
65% of all BE free cash flow to go to the Fund
Government would pay for all Stage 1/2/3 decommissioning
expenses that BE could not meet.

4

NERA Economic Consulting

140

NEA/RWM/WPDD(2005)4

British Energy

BE is still a private company in a formal sense but the UK Office
of National Statistics classifies it as a public sector company,
because it regards control (not ownership) as in State hands.

5
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NDA





Government is now setting up the Nuclear Decommissioning
Authority (NDA) to manage all public sector liabilities. Intention was
to have a ‘segregated account’ to help give assurance that funding
would be long-term and reliable. First draft Annual Plan does not
mention segregation or any funding commitment beyond the first
year (2005/6). The BNFL NLIP will presumably go to the Treasury.
NLIP will presumably go to the Treasury.

6
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